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ON  THE  SENSITIVENESS-  OF  THE  COHERER.' 


T^•T^.ol)UCTIO^^ 


Tlie  following  investigation  is  the  result  of  an  effort  to  deter- 
mine, quantitatively,  the  effect  of  electro-magnetic  radiation  on 
the  coherer. 

Although  the  continual  variation  of  its  resistance  precludes 
any  exact  determinations,  the  effect  of  the  kind  of  metal  used  and 
of  the  intervening  medium  becomes  evident  when  the  actual 
changes  of  resistance  of  different  coherers  under  definite  condi- 
tions is  recorded. 

Professor  Hughes,  in  1S79,  while  working  with  his  micro- 
phone, noticed  that  a  neighboring  spark  caused  a  fall  of  resist- 
ance. Calzecchi  Onesti^  seems  to  have  noticed  a  similar  phe- 
nomenon in  1885,  but  nothing  definite  was  known  till  Branly^ 
published  an  article  in  1890.  He  observed  that  when  powdered 
metallic  copper  was  deposited  on  glass,  and  this  copper  placed  in 
circuit  with  a  galvanometer  and  a  Daniell  cell,  a  spark  at  a  neigh- 
boring induction  coil  caused  a  considerable  diminution  of  re- 
sistance. Other  metals  were  tried,  iron,  aluminium,  antimony, 
tellurium,  cadmium,  zinc  and  bismuth,  each  prepared  in  a  way 
similar  to  the  copper  above  mentioned,  and  in  each  case,  a 
diminution  of  resistance  was  produced ;  but  he  found  that  platin- 
ized glass  and  peroxide  of  lead  increased  in  resistance  under  the 
same  conditions.  He  noticed  also,  that  a  disturbance,  such  as  a 
slight  tap,  caused  an  increase  in  the  resistance  of  these  metal 
particles,  and  that  an  alternating  current  or  a  direct  current  of 
considerable  electro-motive  force  caused  a  fall  of  resistance.    He 


^  This  paper  -was  prepared  as  a  thesis  for  the  degree  of  Bachelor  of  Science, 
and  was  awarded  the  Science  Club  medal  in  1900. 
-Xuovo  Cimento.  Jan..  1SS5:   Beibl.,   IX,   p.  433;   X,   p.   792. 
^C.  R.,  CXI,  p.  TS5;  ibid.,   CXII,  p.  90. 
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also  observed  that  when  metal  filings  were  mixed  in  certain 
proportions  with  Canada  balsam  and  the  mixture  had  hardened, 
the  same  decrease  of  resist^ice  was  noted. 

From  these  facts  Branlv  advanced  the  theory  that  the  dielec- 
tric separating  the  metallic  particles  was  in  some  way  changed 
hj  the  influence  of  the  neighboring  spark  so  that  it  became  con- 
ducting. 

Xothing  more  appears  to  have  been  done  until  about  four 
years  later,  when  Professor  Lodge,  ^  on  repeating  some  of  Bran- 
ly's  experiments,  advanced  the  theoi-y  that  the  diminution  in 
resistance  was  caused  by  the  formation  of  a  metallic  bridge 
through  the  dielectric,  due  to  a  difference  of  potential  between 
the  two  sides.  He  calculated  that  if  two  pieces  of  metal  were 
separated  by  a  film  of  air  .0001  mms.  thick,  the  force  of  attrac- 
tion per  unit  area,  due  to  a  potential  difference  of  one  volt, 
would  be  about  44  atmospheres.  He  considered  the  attraction 
due  to  such  a  force  sufficient  to  cause  metallic  particles  to  pass 
through  the  dielectric,  thus  building  up  a  metallic  connection, 
which,  however,  would  usually  be  so  unstable  that  a  slight  tap 
would  break  it  down  and  again  increase  the  resistance.  Ac- 
cording to  this  theory,  he  called  these  poor  contacts  "coherers." 

This  theory  received  substantial  support  from  the  work  of 
Malagoli'  and  of  Arons^.  The  former  succeeded  in  photograph- 
ing small  sparks  between  metallic  j^articles,  which  were  being 
subjected  to  electro-magnetic  radiation,  while  the  latter  exam- 
ined particles  under  the  same  conditions  with  a  microscope  and 
observed  minute  sparks  and  a  movement  of  the  particles. 

Tommasina*  also  obtained  evidence  for  the  same  theory.  He 
suspended  metallic  particles  in  liquids  and  found  that,  when 
the  spark  of  an  induction  coil  was  passed  through  them,  the  par- 
ticles united  to  form  chains,  in  some  cases  as  many  as  20  cms. 
in  length.  He  also  showed  that  the  radiation  caused  an  adhering 
of  particles,  by  suspending  a  metal  ball  over  a  plate  of  filings  in 

^Phil.   Mag.   XXXVII,  p.  94. 
-Lond.  Electrician,  Dec,  1898. 
3Wied.   Ann.   LXIV,   p.   567. 
*C.    R.    CXXVII,    pp.   1014-1092. 
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circuit  with  a  battery  and  galvanometer.  After  the  passage  of 
a  neighboring  electric  spark,  the  circuit  conducted,  and  on 
lowering  the  metal  filings,  he  observed  very  fine  metallic  threads 
clinging  to  the  ball. 

Auerbach^  Leppin"  and  others  observed  that  acoustic,  heat, 
and  light  Avavcs  afi:'ected  these  contacts,  though  not  to  such  an 
extent  as  did  the  electro-magnetic  radiation. 

Branly,  Dorn,^  and  others  noticed  that  oxidized  metals  re- 
sponded better  than  did  the  clean  ones.  ISTeugschwender^  found 
that  when  a  silver-on-glass  mirror  was  placed  in  an  electric  cir- 
cuit and  a  fine  scratch  made  across  the  silver  so  as  to  make  it 
non-conducting,  moisture  deposited  on  the  scratch,  as  by  breath- 
ing, made  it  again  conducting.  Electro-magnetic  radiation, 
however,  caused  a  temporary  diminution  of  the  conductivity,  the 
diminution  lasting  only  as  long  as  the  radiation  continued.  He 
also  found  that  thin  layers  of  electrolytes  always  showed  this  in- 
crease of  resistance,  and  the  phenomenon  was  later  ascribed  to 
polarization.  Aschkinass^  examined  metallic  contacts  when 
moist  and  observed  the  same  phenomenon. 

Behrendsen"  tried  powdered  arc  carbon  and  found  that,  un- 
like the  metals,  the  radiation  did  not  produce  an  immediate  fall 
of  resistance,  but  a  gradual  diminution  proportional  to  the  in- 
tensity and  to  the  time  during  which  the  radiation  continued. 

Branly  had  noticed  that  peroxide  of  lead  increased  in  resist- 
ance, and  later  Sundorph'''  examined  the  same  substance  and 
found  the  peroxide  of  lead  slightly  reduced,  after  it  had  been 
subjected  to  the  radiation. 

Branlv^  also  had  shoAm  that  platinized  glass  increased  in  re- 
sistance;   Van    Gulick''   explained   this   bv  saying  that  sparks 

'WMed.   Ann.   LXVI,  p.  760. 

=  Ibid.    LXV,   p.  885. 

nbid.    LXVI,   p.   13G. 

*ll)ifl.   LXVII,   p.  430;   LXVIll,   p.  92. 

n.ond.  Elect.  XLIII,  p.  136. 

«Wied.   Ann.   LXVI,  p.  1024. 

nhid.   LXVIII,   p.  594. 

8C.   R.   CXII,   p.  90. 

»Wied.   Ann.    LXVI,    p.  136. 
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were  observed  in  this  case  and  that  these  might  be  intense 
enough  to  melt  down  the  union. 

Aschkinass^  studied  these  contacts  imder  various  conditions 
and  conchided  that  results  could  not  be  depended  upon  when  the 
intensity  of  the  spark  was  considerable,  and  that  then,  at  least, 
Lodge's  theory  held,  but  that  it  might  not  hold  when  the  radia- 
tion was  weak.  He  also  found  that  a  certain  potential  differ- 
ence between  two  strips  of  tin  foil  produced  the  fall  of  resistance 
as  did  the  distant  electric  spark.  He  suggested  that  there 
might  be  such  critical  values  of  the  potential  difference  for  all 
the  metals,  and  if  there  were,  the  one  having  the  lowest  critical 
value,  he  believed,  would  be  the  most  sensitive. 

One  of  the  most  noticeable  features  of  the  results  already  ob- 
tained is  the  scarcity  of  quantitative  data  for  the  different 
metals.  Such  quantitative  data  are  due  chiefly  to  Trowbridge^ 
and  Guthe  and  Trowbridge,^  who  used  single  contacts  and  a 
varying  current  density. 

It  has  been  found  in  some  preliminary  work  that  when  the 
coherer  consisted  of  but  two  pieces  of  metal  rather  than  a  mass 
of  particles,  and  when  the  source  of  radiation  was  several  meters 
from  the  coherer,  much  more  consistent  results  could  be  ob- 
tained. 


The  object  of  the  present  research  was  t-o  determine  the 
amount  of  change  of  resistance  of  single  contacts  of  different 
metals,  imder  varying  conditions,  when  subjected  to  compara- 
tively feeble  electro-magnetic  radiation. 

The  investigation  is  divided  into  three  parts.  In  Part  I  is 
recorded  the  diminution  of  resistance  of  coherers  composed  of 
the  following  metals:  aluminium,  tin,  lead,  zinc,  iron,  copper, 
silver,  nickel,  platinum,  gold.  In  Part  II  the  effect  of  estab- 
lishing various  differences  of  potential  between  the  two  pieces  of 
the  coherer,  by  means  of  a  second  battery,  is  shown.    In  Part  III 

iLond.   Elect.   XLIII,  p.  441. 
*Am.  Jour,  of  Science.  Sept.,  1S99. 
*  Phys.    Rev.   XI,   p.   22. 
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the  action  of  the  coherer  is  studied  when  the  metals  are  coated 
with  non-conducting  fihns. 

METHODS   OF   OPEKATIOX. 

One  of  the  pieces  of  metal  was  attached  to  a  lever  which 
could  be  adjusted,  bv  means  of  a  micrometer  screw,  to  any  dis- 
tance from  the  other.  This  contact  was  placed  in  series  with  a 
Daniell  cell  and  a  galvanometer  calibrated  to  read  resistancQ 
directly  by  means  of  a  beam  of  light  moving  across  a  scale. 
An  eight-inch  induction  coil  was  placed  ten  meters  away,  two 
brick  walls  intervening.  N^o  vertical  wires  were  used  either  at 
the  sending  or  receiving  station,  and  accordingly  the  radiation 
was  comparatively  Aveak. 

In  order  to  record  the  actual  changes  of  resistance  that  oc- 
curred in  such  a  contact,  a  method  of  abbreviation  was  adopted 
as  follows : 

a,  indicates  an  adjustment  of  the  micrometer  screw. 
s,  indicates  the  passage  of  a  spark  at  the  distant  induction 
coil.     The  primary  circuit  of  the  coil  was  closed  by  pulling  a 
cord  attached  to  a  switch  near  it,  thus  avoiding  a  metallic  con- 
nection between  the  two  rooms. 

t,  indicates  a  tap  on  the  table  on  which  the  coherer  rested, 
i,  indicates  "of  itself,"  that  is,  a  change  occurred  which  was 
not  produced  by  the  ex23erimenter. 

u,  indicates  an  unstable  condition,  i.  e.,  a  fluctuation  of  the 
resistance. 

X,  indicates  "no  change." 
y,  indicates  '^adjusted  with  difficulty." 

r,  indicates  that  the  expression  preceding  it  was  repeated  as 
often  as  is  indicated  by  the  succeeding  term. 

ISTumerals  represent  the  resistances  of  the  contact  in  ohms. 
No  attempt  was  made  to  read  them  accurately,  since  nothing 
would  thus  be  gained,  as  it  was  very  unusual  for  a  contact  to 
have  exactly  the  same  resistance  at  different  times.  The  read- 
ings given  are  accurate  to  within  ten  per  cent.  When  the  re- 
sistance is  given  as  infinity,  a  value  greater  than  1,000,000  ohins 
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is  meant,  and  when  the  resistance  is  o-iven  as  zero,  less  than  5 
ohms  is  meant. 

Below  is  an  example  of  a  reading  taken  and  an  interpretation : 
a  to  500— s  to  0— i  to  1000 — s  to  0— t  to  1000— s  to  0— sx 
■ — a  to  n  250 — s  to  0,  etc. 

This  indicates  that  the  contact  was  adjusted  to  a  resistance 
of  500  ohms ;  that  a  spark  from  the  induction  coil  caused  a  fall 
to  zero;  that  the  resistance  returned  of  itself  to  1000  ohms ;  that 
another  spark  caused  a  fall  to  zero ;  that  a  tap  caused  an  increase 
to  1000;  that  another  spark  caused  a  fall  to  zero;  that  a  spark 
had  no  effect  on  the  resistance,  which  was  then  adjusted  to  about 
250  ohms;  that  a  spark  caused  a  fall  to  zero,  and  so  on. 


PAET   I. 

EFFECT    OF    ELECTK0-:MAGXETIC     RADIATIOX    OX     SOME    OF    THE 
COMMOX   METALS. 

As  a  basis  for  comparison,  the  chang-e  of  resistance  of  ten 
metals  was  recoiiled  while  being  alternately  subjected  to  radia- 
tion and  to  tapping. 

The  metals  were  examined  first  in  the  same  condition  as  ob- 
tained, that  is,  wdthout  cleaning,  and  later,  some  were  tested 
after  being  carefully  sandpapered ;  but  unless  otherwise  stated 
they  were  in  the  former  condition.  Several  different  contacts  of 
the  same  kind  of  metal  were  tried  and  the  results  given  are  those 
typical  of  the  metal.  After  the  effects  of  radiation  and  tapping 
were  recorded,  the  resistances  to  which  each  contact  could  be  ad- 
justed were  determined. 
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Table  I. 


ALUMINIUM. 


Readings. 


Interpretations. 


ay  to  inf..— s  to  0—(x  to  inf.,  s  to  0) 
r  indefinitely. 


At  first  the  contact  did  not  respond 
well:  but  after  it  had  been  used  for 
some  time,  a  tap  caused  an  increase  of 
resistance  to  infinity  and  a  sparli 
caused  a  fall  to  zero.  This  action  was 
kept  up  indefinitely. 


TIN. 


a.v  to  inf. — s  to  0— i  to  inf. — sx— ay  to 
inf.— s  to  0— i  to  inf. — sx — a  to  inf. — sx 
—a  to  inf. — s  to  0 — i  to  inf. — sx — t  to 
inf.— s  to  0— (to  to  inf.,  s  to  0)  r  six 
times— sx— a  to  20O— s  to  0— (t  to  inf., 
s  to  0)  r  five  times— sx—(t  to  inf.,  &'  to 
0.1   r  seven  times — sx — and  so  on. 

The  resistance  could  not  be  adjust- 
ed to  values  between  250  ohms  and  in- 
finity. 


The  adjustment  was  more  diflBcult 
than  in  the  above  case  and  the  contact 
did  not  remain   sensitive  as  long. 

The  resistance  could  not  be  adjusted 
to  values  between  2-50  ohms  and  infin- 
ity. 


IRON. 


ay  to  500— s  to  0—1  to  100000— s  to  0— 
i  to  ICfO— s  to  0— a  to  u  30O— s  to  0— t  to 
300— s  to  0— t  to  250— s  to  0— t  to  100— s 
to  0— t  to  200— s  to  0— tx— a  to  1000— s  to 
0— tx— a  to  1000— s  to  0— t  to  2000— s  to  0 
— t  to  1000— s  to  0— t  to  400— s  to  0— t  to 
30— s  to  0— tx— a  to  u  500— s  to  0— tx— 
a  to  inf.— s  to  0— t  to  300— s  to  0— a  to 
inf.— s  to  0— t  to  700— s  to  0— t  to  1100 
— s  to  0— t  to  inf.— s  to  0— and  so  on. 
nsually  tapping  back  to  less  than  1000 
ohms. 


The  resistance  tapped  back  some- 
times to  a  high  and  sometimes  to  a 
low  value,  and  could  be  adjusted  to 
values  less  than  1500  ohms,  otherwise 
the  action  was  verv  similar  to  that  of 
tin. 


ZINC. 


(a) 

ay  to  50— i  to  inf.— s  to  0— t  to  800— 
s  to  0— t  to  .300— s  to  0— t  to  2000—8  to  0 
— t  to  900— s  to  0— t  to  1000— s  to  0— t  to 
900— s  to  0— t  to  1000— s  to  0— and  so  on. 
usually  tapping  back  to  less  than  1100 
ohms. 

(b)  Surfaces  cleaned. 

ay  to  inf.— s  to  0— tx— ay  to  inf.— s  to 
0— t  to  inf.— s  to  0— tx— ay  to  inf.— s  to 
0 — tx — and  so  on. 


The  action  was  very  regular,  more 
like  that  of  aluminium,  except  that  the 
resistance  usually  tapped  back  to  less 
than  1100  ohms. 

In  the  second  series  will  be  noticed 
the  efTect  of  clean  surfaces,  that  is.  the 
adjustment  was  very  diflicult  to  make 
and  the  contact  did  not  remain  sensi- 
tive. 
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Table  I  —  continued. 


Readings. 


LEAD. 


Interpretations. 


(a) 

ay  to  u  300— &  to  0— t  to  inf.— s  to  0— 
t  to  100— s  to  0— tx— a  to  300— s  to  0— i  to 
100— s  to  0— t.x— a  to  inf.— s  to  0— i  to 
250— s  to  0. 

(b)  Tliick  coating  of  foreign  sub- 
stances,  oxides,   etc.,   on  the  surfaces. 

ay  to  inf.— s  to  0— tx— (ay  to  inf.,  s  to 
0,  tx)  r  indefinitely. 

(c)  Surfaces  cleaned. 

ay  to  inf.— s  to  0— tx— (ay  to  inf.,  &  to 
0— tx)  r  indefinitely. 


The  action  was  very  mucli  like  that 
of  zinc,  except  that  the  resistance  did 
not  tap  back  usually  to  more  than  300 
ohms. 

In  (b)  is  shown  the  effect  of  consid- 
erable non-conducting  substance  on  the 
surface;  that  is,  the  resistance  tapped 
back  to  infinity. 

In  (c)  is  again  shown  the  effect  of 
clean  surfaces.  The  adjustment  was 
difficult  and  the  sensitiveness  only  mo- 
mentary. 


NICKEL. 


ay  to  inf.— s  to  0— i  to  4000— s  to  0— t 
to  inf.— sx— a  to  100000— s  to  inf.— i  to 
0— t  to  inf.— sx— a  to  0— t  to  100— s  to  0 
— t  to  80— &  to  0 — and  so  on;  the  resist- 
ance tapping  back,  usually,  to  small 
values. 


The  resistance  was  unsteady,  tap- 
ping back  sometimes  to  high  and  some- 
times to  low  values,  usually,  to  not 
more  than  100  ohms. 


COPPER. 


(a) 

a  to  u  100— s  to  0— t  to  100— s  to  0— tx— 
a  to  inf.— s  to  0— t  to  300— s  to  0— t  to 
1000— s  to  0— t  to  inf.— s  to  0— t  to  u  4000 
— s  to  0— t  to  inf.— i  to  1000— s  to  0— (t 
to  inf.,  &'  to  0)  r  six  times — tx— and  so 
on. 

(b)  Surfaces  cleaned. 

No  readings  were  obtained,  the  ad- 
justments were  so  difficult. 


The  resistance  tapped  back  to  nearly 
all  values,  and  was  very  unsteady. 
When  the  contact  was  left  to  itself, 
the  resistance  sometimes  oscillated 
back  and  forth  from  a  high  to  a  low 
value  for  fully  ten  minutes,  finally 
stopping  either  at  infinity  or  zero. 


SILVER. 


ay  to  inf.— s  to  0— t  to  inf.— s  to  0— 
tx— ay  to  inf.— s  to  0 — tx— ay  to  inf.— s 
to  0— (ay  to  inf.,  s  to  0)  r  indefinitely. 


The  adjustment  was  difficult,  and  the 
contact  did  not  remain  sensitive. 


With  gold  and  platinum  contacts  the  adjustment  was  so  diffi- 
cult no  results  were  obtained. 
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The  preceding  data  show  that  iu  each  case  the  radiation 
caused  a  fall  of  resistance  to  about  zero  from  all  values  less  than 
infinity ;  and  even  from  that  value,  if  the  contact  "was  properly 
adjusted,  that  is,  if  the  two  pieces  of  metal  were  very  close  to- 
gether, yet  not  touching. 

A  tap  caused  an  increase  in  resistance,  the  amount  of  increase 
depending,  to  some  extent,  on  the  metal  used.  Aluminium  and 
tin  tapped  back  to  an  infinite  resistance.  Copper  tapped  back 
to  almost  any  resistance,  while  iron,  zinc,  lead  and  nickel  tapped 
back,  usually,  to  resistances  less  than  1000  ohms. 

The  effect  of  clean  surfaces  is  also  shown  in  Table  I.  With 
such  surfaces  the  adjustment  was,  in  each  case,  very  difficult, 
and  the  contact  did  not  remain  sensitive. 

In  some  cases,  especially  with  copper,  the  resistance  varied 
through  wide  limits,  when  the  contact  was  left  to  itself  after 
having  been  carefully  adjusted.  The  spot  of  light  from  the 
galvanometer  moved  back  and  forth,  wavering  for  a  time  about 
a  certain  resistance,  then  changing  suddenly  to  another,  stop- 
ping finally  either  at  infinity  or  at  zero. 


PAKT  11. 

CEITICAL   rOTEXTIAL  DIFFERENCES. 

Guthe  and  Trowbridge^  have  shown  that  there  are  certain 
critical  values  of  the  applied  E.  M.  F.,  that  is,  as  the  current 
through  the  contact  was  increased,  the  fall  of  potential  across 
the  terminals  of  the  coherer  approached  a  maximum,  usually  a 
fraction  of  a  volt.  They  noticed  also  that  this  value  increased 
with  time,  that  is,  as  the  surfaces  became  coated  with  oxides. 

The  following  measurements  were  taken  by  the  writer  to  de- 
termine these  values  when  the  metals  are  in  their  ordinary  con- 
dition instead  of  when  clean.  A  potential  difference  of  .001 
volt  was  maintained  across  the  terminals  of  the  contact.     The 

1  Thya.  Ker.  XI,  p.  22. 
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distance  between  the  two  pieces  of  metal  was  adjusted  so  that  it 
would  respond  to  the  distant  spark.  The  contact  was  then  thrown 
out  of  that  circuit  and  into  one  which  would  give  any  desired 
drop  across  the  terminals  by  means  of  a  potentiometer.  It  was 
then  thrown  back  into  the  first  circtiit  and  the  change  of  resist- 
ance noted.  If  there  was  no  change,  the  contact  was  tested  bv  the 
distant  spark  to  be  sure  that  it  had  remained  sensitive.  This  is 
not,  however,  the  method  that  is  used  by  the  above  authors.  In- 
stead of  starting  at  low  values  aud  coming  tip  to  the  critical  valtie 
by  changing  the  current  as  they  did,  the  method  used  here  was 
to  determine  the  least  value  which  would  produce  the  fall  of 
resistance. 

Table   II. 


Metal. 

Critical  Potential  Difference. 

Remarks. 

Aluminium  .... 

2      volts  cohered  it. 
1      volt  did  not. 

The  re~i:<tance  was  tapped  back  to  in- 
finity. 

Tin 

3     volts  cohered  it  usually. 
2     volts  sometimes. 
1      volt  did  not 

The  resistance  was  tapped  back  to  in 
finity. 

1     volt  cohered  it. 
.7  volts  at  times. 
.5  volts  did  not. 

The  resistance  was  tapped  back  to  be- 
tween 2, 000  ohms  and  zero. 

Zinc 

1      volt  cohered  it,  usually. 
.5  volts  did  not. 

The  resistance  was  tapped  back  about 
as  above. 

Lead 

..D  volts   cohered  it  almost 

always. 
.2  volts  rarely. 

The  resistance  was  tapped  back  to  be- 
tween 800  ohms  and  zero. 

Nickel...  . 

.3  volts  cohered  it,  usually. 
.1  volt  rarely. 

The  resistance  was  tapped  back,  usu- 
ally, to  less  than  100  ohms. 

Copper 

No  definite  results  were  ob- 
tained. 

The  resistance  was  tapped  back  to  many 
different  values  and  the  action  was  so  ir- 
regular no  results  were  obtained. 

For  silver,  platinum  and  gold  no  results  were  obtained,  be- 
cause of  the  difficulty  in  maintaining  the  sensitive  condition. 
It  will  be  seen  from  the  preceding  table  that  the  metal  which 
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has  the  lowest  critical  potential  difference,  that  is,  nickel,  tapped 
back  to  the  lowest  resistance,  and,  in  general,  the  critical  poten- 
tial difference  increased  as  the  resistance  increased. 

In  the  first  investigation  lead  and  nickel  did  not  give  very 
constant  results,  the  resistance  of  the  contacts  was  unsteady,  and 
the  tapping  hack  was  irregular;  hut  in  the  above  investigation 
Avhere  a  potential  difference  of  .001  volts  instead  of  one  volt  was 
used  the  response  was  much  more  regular.  Even  gold  and  plat- 
inum responded  well  at  times.  It  was  thought  that  possibly  the 
reason  the  gold  and  platinum  contacts  responded  better  when 
.001  volts  instead  of  one  volt  potential  difference  was  used  was, 
that  the  latter  was  above  the  critical  value.  To  test  this  for  a 
metal  of  known  potential  difference  a  potential  difference 
greater  than  two  volts  (the  critical  value)  was  established  be- 
tween the  pieces  of  an  aluminium  contact,  and  it  was  found  that 
the  contact  responded  fairly  well  until  about  ten  volts  w^as  tried. 
At  and  above  this  value  taps  were  not  as  effective  and  sometimes 
the  radiation  caused  an  increase  of  resistance.  This  appears 
to  l^e  the  maximum  potential  difference  at  which  regular  results 
can  l)e  obtained.  Other  metals  were  found  to  have  such  values 
but  they  have  not,  as  yet,  l)een  definitely  determined. 

With  the  low  potential  difference  .001  volt  all  the  metals 
responded  well,  unless  the  intensity  of  the  radiation  was  dimin- 
ished, whereupon  a  greater  potential  difference  had  to  be  estab- 
lished between  the  two  pieces  of  the  contact  before  a  response 
could  be  ol)tained. 

The  radiation,  in  order  to  be  effective,  must  produce,  with  the 
help  of  the  circuit,  a  potential  difference  at  the  contact  equiva- 
lent to  the  critical  potential  difference.  For  instance,  if  the  in- 
tensity of  the  radiation  be  such  that  it  produces  at  the  contact  an 
effect  equivalent  to  a  potential  difference  of  one  volt  of  a  direct 
current,  and  the  critical  voltage  of  that  contact  be  two  volts, 
then  the  i^otential  difference  at  the  contact  due  to  the  current  in 
the  primary  circuit  must  be  made  equal  to  one  volt  before  the 
fall  of  resistance  can  be  produced.  This  is  undoubtedly  the  rea- 
son that  when  the  oscillator  ami  the  receiver  in  •'wireless"  teleg- 
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rapliy  are  close  togetlier.  but  one  cell  is  needed  in  circuit  with  the 
coherer,  whereas,  at  greater  distances  more  cells  must  be  added. 

It  will  be  seen  from  the  data  in  Table  II  that  sometimes  the 
resistance  of  a  lead  contact  tapped  back  to  infinity.  In  that 
case  the  previously  found  critical  potential  difference  no  longer 
held,  but  instead,  the  critical  potential  difference  was  found  to 
be  about  three  volts. 

The  reason  no  more  exact  critical  potential  differences  for  the 
different  metals  could  be  obtained  was.  that  the  resistance  did 
not  tap  back  twice  in  succession  to  exactly  the  same  value^ 
though  in  most  cases  this  variation  lay  within  narrow  limits, 
Xo  critical  value  was  found  for  copper,  probably,  because  it 
returned  to  many  different  resistances  and  did  not  long  remain 
sensitive. 

The  addition  of  the  current  from  the  second  circuit  seemed  to 
disturb  the  sensitiveness  to  a  considerable  extent,  for  though  a 
contact  might  respond  indefinitely  to  alternate  sparks  and  taps^ 
yet,  after  the  current  from  the  second  circuit  was  added,  consid- 
erable adjustment  was  often  required  before  the  sensitive  condi- 
tion could  again  be  established.  It  appears  from  these  facts 
that  the  critical  potential  difference  is  a  function  of  the  resist- 
ance to  which  the  contact  taps  back. 


PART    III. 

THE  ACTIOX  OF  DIFFEREXT  METALLIC  COXTACTS  HAVIXG  SIMILAR 
SUEFACE  COATIXGS. 

It  has  been  shown  (page  11)  that  the  action  of  a  metallic  con- 
tact depends  on  the  condition  of  the  surface ;  that  is,  whether  it 
is  clean  or 'not.  Each  metal,  in  its  natural  state,  has  an  indi- 
vidual coating  on  its  surface,  in  most  cases,  its  oxide ;  hence,  in 
order  to  compare  the  difference  in  the  action  of  the  metals  them- 
selves, all  should  be  covered  with  similar  coatings.  This  was 
done  by  cleaning  the  metal  with  sand  paper  and  dipping  it  in  a 
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collodion  solution.  After  the  ether  and  alcohol  had  evaporated, 
the  metal  was  covered  with  a  thin  film  whose  thickness  depended 
on  the  concentration  of  the  solution. 

Two  pieces  of  the  same  kind  of  metal,  thus  treated,  were  ar- 
ranged in  the  apparatus  as  described  on  page  7  and  the  fol- 
lowing results  were  obtained : 

Table  III. 


Readings. 


ALUMINIUM. 


Interpretations. 


ay  to  inf.— s  to  0— (t  to  inf.,  &•  to  0)  r 
ten  times— sx—i  to  0— t  to  inf.— s  to  0 — 
t  to  inf.— s  to  0— (t  to  inf.,  s  to  0)  r  in- 
definitely. 


The  adjustment  was  easy  and  the  re- 
sponse regular.  The  resistance  could 
be  tapped  back  readily  either  to  in- 
finity or  to  less  than  250  ohms,  but 
a  resistance  between  those  two  limits 
was  exceedingly  difficult  to  obtain, 
either  by  tapping  back  or  by  adjusting. 


LEAD. 


a  to  inf.— s  to  0— t  to  inf.— s  to  0— t 
to  inf.— sx—i  to  0— t  to  inf.— sx- a  to 
inf.— s  to  0— t  to  inf.— s  to  0— t  to  inf.— 
sx—i  to  0— t  to  inf.— s  to  0— t  to  inf.— 
s  to  0— t  to  inf.— sx— t  to  inf.— s  to  0— t 
to  inf.— sx— so  on  irregularly  for  about 
five  minutes— a  to  inf.— s  to  0— (t  to 
inf.,  s  to  0)  r  indefinitely. 


The  action  was  very  similar  to  that 
of  aluminium,  except  that  it  did  not 
become  regular  till  after  the  contact 
had   been   used   some  time. 

The  resistance  was  adjusted  easily  to 
infinity  or  to  values  less  than  250  ohms, 
but  only  once  out  of  many  trials  was 
a  resistance  between  these  values  ob- 
tained. 


IRON*. 


a  to  u  200— s  to  0— t  to  inf.— sx— t  to 
0— t  to  100— s  to  0— t  to  inf.— sx— a  to  u 
200— s  to  0— t  to  u  200— s  to  0— t  to  inf. 
— s  to  0— t  to  inf.— sx— and  so  on,  irreg- 
ularly for  some  time — a  to  inf. — s  to  0— 
(t  to  inf.,  s  to  0)  r  twenty-three  times. 

By  careful  adjustments,  resistances 
less  than  250  ohms  could  be  obtained. 


The  action  was  similar  to  that  of 
lead  except  that  when  the  resistance 
was  adjusted  to  values  between  250 
ohms  and  infinity,  it  often  fluctuated 
for  a  long  time,  finally  stopping  at 
either  Infinity  or  less  than  250  ohms, 
and  the  contact  did  not  remain  sensi- 
tive. 


ZIXC. 


a  to  inf.— s  to  0— tx— a  to  inf.— s  to  0— 
t  to  inf.— sx— a  to  0— t  to  inf.— s  to  0— 
t  to  u  300— s  to  0— (t  to  inf.,  &  to  0)  r  in- 
definitely. 

By  careful  adjustments,  resistances 
less  than  250  ohms  could  be  obtained. 


At  first  the  contact  did  not  respond 
regularly:  but  after  it  had  been  used 
some  time  a  spark  caused  a  fall  of  re- 
sistance to  zero  and  a  tap  caused  an 
increase  to  infinity,  as  with  the  metals 
above.  The  resistance  could  be  ad- 
justed only  to  values  less  than  250 
ohms:  above  that  value  it  fluctuated, 
as  in  the  case  of  the  iron  contact. 
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Table  III  — continued. 

COPPER. 
Readings.  Interpi'etations. 

ay  to  inf.— s  to  0 — t  to  100— s  to  0— t  to  Tlie  adjustment    was  more    difficult 

inf.— sx— ay  to  inf.— s  to  0— t  to  inf. — s  tlian  in  any  of  the  other  cases  and  the 

to  0— t  to  inf.— s  to  0— tx— a  to  50 — s  to  contact    did    not    remain    sensitive    as 

0 — and    so    on,    irregularly,    for    some  long. 

time — a  to   inf. — s   (t  to  inf.,  s  to  0)  r  The  resistance  was  always  unstable 
seven  times — sx — a  to  inf. — s  to  0 — (t  to    i    above  250  ohms  and  sometimes  even  be- 

inf.,  s  to  0)  r  twenty  times.  low  that  value. 


GOLD. 


ay  to  inf.— s  to  0— t  to  inf. — sx— a  to 
inf.— s  to  0 — (t  to  inf.,  s  to  0)  r  eight 
times— sx— ay  to  inf.— s  to  0— (t  to  inf., 
s  to  0)  r  four  times. 


The  contact  was  difficult  to  adjust 
and  did  not  lonp  remain  .-eusidve. 

Resistances  greater  than  250  ohms 
and  less  than  infinity  were  not  ob- 
tained. 


Verv  similar  results  were  obtained  on  coating  the  metals  with 
giitta  percha,  celluloid  in  ether,  shellac,  etc. 

It  will  be  seen  from  the  foregoing  data  that  in  each  case  the 
resistance  tapped  back  to  infinity  or  to  less  than  250  ohms  and 
only  rarely  could  it  be  adjusted  to  intermediate  yalues.  Though 
all  of  these  metals  showed  a  uniformity  in  tapping  back,  imder 
these  conditions  and,  consequently,  the  same  critical  yoltage, 
there  were  indications  of  properties  peculiar  to  each;  for  in- 
stance, aluminium  responded  with  the  same  regularity  as  when 
its  surface  was  in  the  ordinary  condition,  copper  showed  the 
usual  unsteadiness,  and  gold  its  characteristic  inconstancy,  that 
is,  the  same  tendency  to  lose  its  sensitiA'eness. 

SUMMARY. 

1.  It  is  shown  in  Table  I.  that  the  maximum  yalue  below  in- 
finity to  which  the  resistance  tapped  back  was  not  the  same  for 
all  metals  in  their  ordinary  condition ;  that  is,  coyered  by  their 
natural  oxides,  and  that  eyen  for  the  same  metal  the  yalue  dif- 
fers according  to  the  thickness  of  this  coating  (at  least  in  the 
cases  of  lead,  zinc  and  copper),  while  in  Table  III.  it  is  shown 
that  when  the  metals  were  coyered  with  the  same  substance  (col- 
lodion) the  limiting  value  to  which  the  resistance  tapped  back 
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was  in  all  cases  the  same;  that  is,  250  ohms.  But  even  then  the 
action,  in  other  respects,  was  not  the  same  for  every  metal, — 
aluminium  responded  with  its  usual  regularity  and  adjusted 
readily,  whereas  gold  and  platinum  were  much  more  difficult  to 
work  with. 

Therefore,  it  is  concluded  that  the  phenomenon  of  the  change 
of  resistance  of  poor  electrical  contacts  when  subjected  to  elec- 
tro-magnetic radiation  is  a  function  both  of  the  metals  them- 
selves and  of  the  intervening  medium. 

2.  It  may  be  seen  from  Table  II.  that  the  critical  potentials 
depend  on  the  resistance  to  which  the  contact  tapped  back,  and 
since  the  latter  depends  on  the  quality  as  well  as  the  quantity 
of  the  surface  coating,  the  critical  potential  is  a  function  of  the 
intervening  medium. 

Guthe  and  Trowbridge^  showed  that  different  metals  had  dif- 
ferent critical  potentials  when  the  surfaces  of  the  metal  were 
clean.  Here  it  is  sho"vvn  that  this  value  varies  as  the  intervening 
medium  varies  and  in  each  case  this  critical  value  is  higher  than 
the  value  given  by  them  for  the  clean  metal. 

3.  As  stated  on  page  13,  there  appears  to  be  a  maximum  criti- 
cal potential,  that  is,  one  above  which  the  contact  ceases  to  re- 
spond with  its  accustomed  regttlarity. 

4.  The  data  from  Table  III.  explain  in  part  why  gold  and 
platinum  do  not  respond  as  well  as  the  other  metals.  Ordinar- 
ily their  surfaces  are  too  clean.  With  a  film  of  collodion  be- 
tween them  much  better  results  were  obtained.  As  stated  on 
page  13,  both  gold  and  platinum  worked  better  when  there  was 
a  potential  difference  of  only  .001  volts  between  the  two  pieces 
of  the  contact.  It  is  probable  that  the  resistance  of  the  surface 
coatings  of  these  metals  was  so  low  that  the  potential  difference 
was  above  the  maximum  potential  difference,  thus  giving  results 
similar  to  those  with  aluminium,  when  a  potential  difference  of 
ten  volts  was  established  at  the  contact. 

There  appears  to  be  no  doubt  but  that  Lodge's  theory  of  the 
formation  of  metallic  bridges  holds  when  the  intensity  of  the 

'Phys.   Rev.,   XI,   p.  22. 
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radiation  is  great,  for  the  induced  sparks  have  been  seen  between 
the  particles,  and  it  is  a  well  known  fact  that  when  sparks  are 
passed  through  a  mass  of  metallic  particles,  cohering  takes  place. 
The  question  is,  Does  the  same  thing  happen  when  the  intensity 
of  radiation  is  very  weak  ? 

As  already  stated,  Branly  attempted  to  explain  the  phenomena 
by  supposing  that  there  was  a  change  of  conductivity  of  the  di- 
electric separating  the  metals,  while  in  March,  1900,  Bose  ad- 
vanced a  third  theory.  He  assumes  tkat  there  is  an  allotropic 
change  of  the  metallic  surface  caused  by  the  radiation.  It  is 
kno\\Ti  that  the  red  mercuric  iodide  can  be  changed  into  the  yel- 
low mercuric  iodide  by  heat,  and  that  the  yellow  form  can  be 
changed  back  into  the  red  by  friction,  and  he  holds  that  the 
radiation  and  the  tapping  back  produce  similar  changes  in  the 
surface  of  tbe  metal,  which  is  indicated  by  a  change  of  conduc- 
tivity. 

Gutlie  and  Trowbridge^  have  still  another  theory.  They 
point  out  the  analogy  between  the  behavior  of  the  coherer  and 
the  electrolytic  cell.  They  assume,  in  common  with  Lodge  that 
the  potential  gradient  across  the  coherer  causes  an  attraction  of 
the  electrode  to  within  molecular  distances  over  a  small  area. 
When  the  potential  gradient  exceeds  a  certain  value,  a  current 
commences  to  flow  due  to  metal  ions  bridging  over  the  space 
between  the  electrodes. 

They  make  the  arbitrary  assumjDtion  that  a  certain  definite 
number  of  ions  are  needed  to  carry  a  given  current  without 
heating.  If  a  larger  current  be  sent  through  the  circuit,  then 
more  ions  bridge  over  exterior  to  the  definite  area  of  contact  for 
the  given  potential  gradient. 

Granting  this,  the  authors  deduce  the  relatione  =P (l-e"*^') , 
where  p  is  the  fall  of  potential  across  the  coherer  correspond- 
ing to  a  given  current  strength  i,  P  the  maximum  value  at- 
tained by  p,  and  k  a  constant  depending  on  the  nature  of  the 
electrodes.  Their  experimental  data  are  satisfied  by  this  equa- 
tion.    P  is  the  critical  voltage  for  the  given  metal  when  its  sur- 

iPhys.  Rev.j   Vol.  XI.  d.  22. 
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faces  are  clean;  that  is,  if  a  circuit  consisting  of  a  cell,  coherer 
and  galvanometer  be  formed,  no  current  will  flow  if  the  E.  ]M.  F. 
of  the  cell  is  less  than  P. 

Below  is  a  comparison  of  the  phenomena  and  the  theories : 


Theory. 

Phf.xomexon". 

Branly. 

Lodge. 

Base. 

Guthe  and 
Trowbridge. 

Decrease  of  resistance  by  spark 

Agrees. 

Agrees. 

Agrees. 

Agrees. 

Increase  of  resistance  by  tap. 

Agrees. 

Agrees. 

Agrees. 

Agrees. 

Increase  of  resistance  by  spark. 

Admissable. 

Admissable. 

Admissable. 

Admissable. 

Decrease  of  resistance  by  tap. 

Admissable. 

Admissable. 

Admissable.   Admissable. 

Resistance    to    which    a    contact 
taps  back  depends  on  interven- 
ing medium. 

Agrees. 

Admissable. 

Disagrees.      Agrees. 

Different    results    obtained    with 
different  metals  when  the  inter- 
vening medium  is  the  same. 

Disagrees. 

Admissable. 

Agrees.            Agrees. 

Critical  potentials. 

Disagrees. 

Admissable. 

1 
Disagrees.    '  Agrees. 

Gold  and  platinum  respond  better 
with  surface  coatings. 

Agrees, 

Admissable. 

Disagrees. 

Agrees. 

It  will  be  seen  from  the  above  comparison  that  Guthe  and 
Trowbridge's  theory  explains  more  phenomena  than  the  others, 
and  yet,  it  is  possible  that  all  four  theories  contain  some  truth.  If 
such  is  the  case  it  is  not  surprising  that  the  phenomena  of  poor 
electrical  contacts  are  complicated. 

It  will  be  seen  from  the  preceding  data  that  of  all  the  metals 
tried,  aluminium  is  the  most  regular  in  response.  It  has  been 
found,  however,  by  Marconi  and  others  that  nickel  gives  the  best 
results  at  long  distances.  This  is  probably  due  to  the  fact,  that  of 
all  metals  tried,  the  surface  coating  of  nickel  shows  the  lowest 
critical  potential,  that  is,  it  responds  to  the  least  energy,  as  is 
shown  in  Table  II. :  but  when  the  intensitv  of  the  radiation  is 
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sufficient  to  overcome  the  greater  critical  potential  of  aluminiiun, 
the  latter  gives  better  results  than  nickel,  for  the  regularity  of 
response  has  been  shown  to  depend  upon  the  metal  itself. 

Accordingly,  it  appears  that  the  best  results  would  be  obtained 
by  using  the  metal  which  shows  the  greatest  regularity  of  re- 
sponse, coated  with  a  medium  which  gives  the  lowest  critical  po- 
tential. 

Physical  Laboratory , 

Universitv  of  Wisconsin,  Dec.,  1901. 
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An  address  delivered  before  the  Science  Club  of  the  University 
of  Wisconsin  at  ^Madison,  October  5,  1903. 

Mr.  President,  Ladies,  and  Gentlemen: 

You  have  done  me  the  honor  of  asking  me  to  speak  before  the 
Science  Club  of  your  flourishing  University.  I  consider  this  re- 
quest as  a  special  act  of  kindness,  and  a  distinction  which  I  owe 
to  the  recommendation  of  my  esteemed  friend.  Professor  Hobbs. 
It  is  one  of  the  many  kindnesses  which  I  have  experienced  in 
Madison,  for  all  of  which  I  wish  to  express  my  hearty  thanks. 

You  are  assembled  here  in  large  numbers,  probably  with  the 
expectation  of  hearing  something  interesting.  I  fear,  however, 
that  you  may  be  disappointed,  for  I  doubt  my  ability  to  express 
what  I  wish  to  say  in  English,  a  language  in  which  I  am  by  no 
means  proficient.  I  therefore  beg  of  you  to  accept  the  will  for 
the  deed. 

I  should  like  to  speak  to  you  about  researches  and  problems  at 
present  seriously  engaging  my  attention.  These  are  problems- 
pertaining  to  the  borderland  between  crystallography  and  chem- 
istry-. They  treat  of  etch-figures  and  dissolution-forms,  and  of 
the  methods  by  which,  from  these  remarkable  formations  in  the 
region  of  crystallography,  conclusions  can  be  drawn  regarding 
the  structure  of  crystals  and  the  mechanism  of  the  process  of 
dissolution. 

Note. — The  reader  unfamiliar  with  the  advances  in  crystallography  would 
hardly  suspect  from  Professor  Goldschmidfs  modest  exposition  of  his  theme,  to 
how  large  an  extent  he  is  personally  responsible  for  the  changes  and  extensions 
which  have  transformed  the  science  during  the  last  twelve  years.  He  is  not 
only  the  inventor  of  the  two-circle  goniometer  and  the  gnomonic  projection  in 
its  applications  to  the  science,  but  the  discoverer  of  the  Law  of  complication. 
The  application  of  this  law  to  musical  harmony  he  has  treated  in  a  work 
entitled  Ueber  Harmonie  und  Complication^  published  in  Berlin  by  Julius 
Springer  in  1901. — Ed. 
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In  order  to  make  my  remarks  intelligible,  a  few  words  regard- 
ing the  method  of  investigation,  and  also  of  presentation,  are 
necessary. 

Crystals  are  measured  in  the  following  way :  in  the  simplest 
case  the  crystal  is  supposed  to  be  bounded  by  plane  faces.  In 
such  a  case  the  problem  is  to  ascertain  the  mutual  directions  of 
these  faces,  or,  what  is  the  same  thing,  the  mutual  directions  of 
the  lines  perpendicular  to  these  faces.  The  lines  we  call  normals, 
and  these  normals  form  a  bundle  of  ra}s  from  a  point  within  the 
crystal,  viz. :  the  centre.  Every  ray  gives  the  direction  of  a  face. 
The  bundle  represents  the  crystal  with  all  its  faces.  The  com- 
prehension of  all  these  rays  in  space  is  not  an  easy  matter. 
Therefore,  to  make  their  relations  more  clear,  we  represent  them 
bv  their  points  of  penetration  through  a  globe  constructed  about 
their  centre.  Thus  every  ray  is  marked  on  the  globe  by  a  point 
which  represents  at  the  same  time  the  corresponding  crystal  face. 
We  call  this  point  the  face-point.  The  representation  we  call 
spherical  projection.  Our  crystal  now  appears  as  a  system  of 
points  on  the  globe,  there  being  as  many  points  as  the  crystal  has 
faces.  For  comparison  let  us  take  the  cities  on  a  terrestrial,  or 
the  stars  on  a  celestial  globe.  Since  we  do  not  know  their  dis- 
tance, the  fixed  stars  are,  at  the  present  time,  nothing  but  direc- 
tions, rays  from  a  point,  the  stand-point  of  the  observer, — that  is, 
the  earth. 

Just  as  we  determine  the  position  of  a  place  upon  the  earth,  so 
do  we  determine  the  position  of  a  face,  that  is.  its  point  upon  the 
sphere  by  two  co-ordinate  angles ;  first,  the  distance  from  a  pole, 
and  second,  the  distance  from  a  suitably  chosen  first  meridian. 
We  call  these  two  angles  position  angles,  and  mark  them  by  the 
Greek  letters  </>  and  p.  In  the  case  of  the  earth  and  the  sky, 
the  pole  is  determined  by  the  axial  revolution,  the  first  meridian 
is  arbitrarv.  In  the  case  of  crystals  other  considerations  deter- 
mine the  suitable  choice  of  pole  and  first  meridian.  For  ex- 
ample, with  the  well  known  rock  crystal  the  pole  is  regarded  as 
passing  through  the  apex,  and  the  first  meridian  as  passing 
through  the  apex  and  a  line  from  the  centre  perpendicular  to  one 
of  the  six  prismatic  faces.  Crystal  measurement  now  consists  in 
fixing  the  position  of  the  faces,  i.  e.,  in  measuring  this  angle,  <^, 
which  is  equivalent  to  geographical  longitude,  and  the  angle  p, 
i  4 
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which  is  equivalent  to  geographical  latitude,  though  measured 
from  the  pole  instead  of  the  equator.  Formerly  it  was  always 
customary  to  measure  from  face  to  face  the  angular  inclination. 
This  corresponds  to  triangulation  in  measuring  the  earth.  The  in- 
struments employed  in  measuring  crystals  are  called  goniometers. 
In  contradistinction  to  those  before  employed  exclusively,  the  mod- 
ern ones  are  called  two-circle  goniometers.  Like  astronomical  in- 
struments, they  have  two  circles,  upon  which  the  angles  <^  and  p 
can  be  read  when  a  face  ( a  reflected  rav  of  light  from  the  face) 
is  properly  adjusted. 

The  introduction  of  the  two-circle  goniometer  has  very  ma- 
terially increased  our  Avorking  capacity,  and  has  placed  us  in  a 
position  to  measure  complicated  bodies  which  formerly  did  not 
admit  of  measurement ;  for  example,  bodies  with  curved  faces. 
Spherical  projection,  that  is,  representation  on  a  sphere,  did  good 
service  in  impressing  upon  the  understanding  the  mutual  rela- 
tionships of  the  faces  of  these  bodies.  Another  method  of  rep- 
resenting our  rays  or  normals,  a  method  called  gnomonic  projec- 
tion, has  proved  to  be  of  still  greater  service.  In  this  method  the 
rays  (face-normals)  are  received  on  a  plane' mstezd  of  on  a 
sphere.  For  crystals  this  is  of  material  advantage,  for  it  is  a 
funcjamental  peculiarity  of  crystals,  that  their  faces  are  arranged 
in  zones,  i.  e.,  in  series  of  faces  with  parallel  edges,  or,  what 
means  the  same,  the  points  representing  the  faces  of  a  cr\-stal  in 
gnomonic  projection.  zonc-Jincs.  This  is  just  as  if  on  the  earth's 
surface  the  cities  should  be  situated  exactly  on  the  equator  or  on 
several  selected  meridians  or  great  circles. 

Further,  in  gnomonic  projection  the  wonderful  property  pecul- 
iar to  crystals  is  shown,  viz.  that  the  face-points  of  any  crystal 
species,  for  example,  of  calcite.  are  not  only  arranged  in  rows, 
but  also  that  the  distances  bei:ween  points  in  each  row  (zone- 
line)  follow  a  simple  number-law.  Fig.  i  shows  such  a  case. 
^^'e  see  in  the  picture  strikingly  favored  points  (chief-knots), 
between  which  the  point-rows  (zones)  extend.  The  chief-knots 
give  the  position  of  the  chief  faces.  We  note  that  the  zones 
radiate  from  the  chief-knots,  and  if  we  make  measurements  in 
the  cut  with  a  pair  of  compasses,  we  find  that  there  is  a  unit 
measure  (element  with  which  we  can  rationally  measure  all  the 
distances  in  the  favored  zones) — that  is,  to  indicate  the  positions 
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of  the  faces  simple  whole  numbers  or  fractions  of  this  element 
sufhce,  such  as  o,  i,  2,  3,  l/,,  2,^,  a.  Every  two  of  these  num- 
bers (coordinates  pq.)  define  the  position  of  the  face  just  as 
well  as  the  angular  position  does.  We  call  these  two  combined 
letters  the  svmbol  of  the  face. 


:i^ 


Forn-.sr.si,'stein  FiiPT  Gnoir.onijches  BiJd. 

desCalcu.     '  ^'&'^^- 


/.    •*. 


^' 


\  t         / 


•         «        • 


VGoIdscftnnii  je:. 


Fig.   I. 

Genetically  the  chicf-hnots  and  chief-cones  play  an  important 
part.  We  consider  that  they  indicate  the  location,  or  rather  the 
direction,  of  the  particle-forces;  that  is  of  the  cohesive-forces  with 
which  the  particles  building  up  the  crystal  attract  one  another, 
with  which  they  hold  each  other  firmly  together,  with  which  they 
bind  each  other  together  at  equal  distances  in  rows  and  planes 
and  so  make  up  the  structure  which  we  call  a  crystal.  This 
crystal  is  enclosed  by  faces,  which  are  often  plane  faces. 

In  a  similar  manner  a  building  is  constructed  of  dressed  stone 
or  brick.     The  walls  of  the  structure  follow  the  same  directions 
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as  the  sides  of  the  bricks.  Likewise  the  crystal  faces  are  per- 
pendicular to  the  attractive  forces  of  all  the  particles  forming 
the  crystal,  which  we  assume  lie  parallel  to  one  another,  or  as 
we  say,  similarly  oriented.  The  facc-nor)nals  are  at  the  same 
time  the  particle-forces.  These  interest  us  according  to  their 
intensity  and  direction  in  all  genetic  questions  like  the  following. 
How  does  the  crystal  with  its  faces  and  its  remarkable  physical 
properties  develop  ?  How  does  it  grow  ?  How  is  it  dissolved — 
how  does  it  resolve  itself  into  its  molecules?  \Miat  kind  of 
forces  are  active  there  and  how  do  they  act?  These  are  the 
questions  that  occupy  our  attention. 

Still  another  noteworthy  fact  may  perhaps  be  mentioned.  Let 
us  now  measure  in  the  gnomonic  picture  of  all  the  forms  ob- 
served in  a  crystal  series,  say  of  calcite  (Fig.  i),  the  distance  of 
all  the  points  between  chief-knot  and  chief-knot  and  write  them 
down.  Then  a  simple  number-law  is  seen,  which  holds  good 
not  only  in  certain  zones  and  knots  but  in  all  zones.  This  is 
true  not  only  in  the  case  of  calcite,  but  in  the  case  of  all  sorts  of 
CPistals  in  the  entire  domain  of  crystallography.  This  simple 
numerical  law  goes  by  the  name  of  the  law  of  complication.  It 
gives  the  following  number  scheme: 

GC 

2  .  X 


A,    =    o 

X,    =   o 

I 

X.   =   o 

lo 

I 

X3    =   0 

1/3 

\i 

0/ 

-3 

I 

and  so  forth. 

This  number  scheme  is  constantly  repeated.  The  compre- 
hension of  this  enables  us  to  see  into  the  development  of  crystal 
forms.  We  call  the  different  rows  of  this  number  scheme  normal 
series  or  harnionic  series.  Wonderful  to  relate,  this  same  nu- 
merical law  occurs  in  the  sounds  composing  our  musical  system ; 
sounds  forming  the  works  of  our  great  masters,  the  harmony  of 
which  so  delights  our  ears :  for  a  simple  transformation  of  the 
series  of  figures  representing  the  relative  numbers  of  harmonic 
sounds  makes  our  harmonic  series  apparent.  It  is  the  same  trans- 
formation which  must  be  applied,  also,  in  many  cases  to  the  fig- 
ures of  crystal  forms  to  make  the  harmonic  series  appear. 

A  closer  study  of  the  logical  consequences  of  this  law  of  com- 
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plication  enabled  us  to  develop  an  analysis  of  musical  works — an 
analysis  which  discloses  their  harmonic  construction  and  shows 
which  rules  Beethoven,  Bach.  Palestrina  and  the  other  composers, 
when  producing  their  masterpieces,  unconsciously  followed  under 
the  constraint  of  the  laws  of  nature. 

If  now  we  return  to  the  measuring  of  crystals,  we  find  that  the 
two-circle  goniometer  has  made  it  possible  for  us  to  measure  not 
only  plane  faces  but  also  curved  ones.  Every  plane  face  gives  as 
a  reflection  a  point  of  light  on  the  instrument,  a  point  in  the  pro- 
jection-picture on  the  globe  or  in  the  gnomonic  plane.  This 
point  corresponds  to  the  position  of  the  face. 

A  cur\-ed  face,  the  direction  of  which  varies  at  every  point, 
gives  as  a  reflection  on  the  instrument,  a  streak  of  light — a  liglif- 
patJi.  A\'hen  this  light-path  is  reproduced  in  the  gnomonic  pro- 
jection-picture it  appears  as  a  constant  succession  of  points,  as  a 
line  either  straight  or  curving.  These  lines  give  a  representation 
of  the  position  and  curvature  of  the  face.  It  soon  becomes  evi- 
dent that  the  plane  faces,  which  up  to  this  time  have  been  ex- 
clusively the  object  of  measurement,  are  only  special  cases ;  or, 
speaking  mathematically,  that  crystal-faces  in  general  are  curved, 
and  that  in  these  curves  a  wonderful  regularity  and  obedience  to' 
law  are  seen.  This  opens  up  a  wide  field  of  research  and  shows 
the  paths  of  creative  Xature.  But  this  is  just  what  we  want  to 
know.     We  try  to  follow  Xature  on  her  creative  pathw^ays. 

We  said  that  the  position  (projection-points)  of  the  chief-faces 
(chief-knots)  according  to  our  assumption  denote  the  direction 
of  the  particle-forces  \vhich  form  the  crystal.  Now  the  measure- 
ment of  the  curved  faces  shows  that  the  streaks  of  reflected  light, 
the  light-paths,  from  the  curves  always  extend  from  one  chief- 
knot  to  another.  Thev  are  the  directions  in  which  the  primary 
forces  of  the  particle  cooperate.  The  curves  in  the  projection- 
picture  correspond  to  imperfectly  developed,  that  is  undiffer- 
entiated, zones.  But  from  experience  we  know  that  when  dif- 
ferentiation occurs. — when  plane  faces  are  formed — the  arrange- 
ment of  those  faces  is  in  accord  with  the  law  of  complication,  the 
same  law  in  obedience  to  which  the  vibrating  chord  produces  its 
harmonious  nodes  (knots). 

From  the  chief-knots  the  chief-zones  radiate,  and  if  we  wish 
to  detect  only  these  chief-knots,  the  curves  suffice :  indeed,  the 
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curves  mean  more  to  us  tlian  the  points  denoting  the  plane  faces. 
In  order  to  point  out  the  connection  of  the  crystal  forms  and 
the  particle  forces  (which  we  consider  perpendicular  to  the  crys- 
tal faces),  to  the  internal  structure  of  the  crystal  building  parti- 
cles, we  require  another  hypothesis.  For  this  purpose  let  us 
consider  that  the  particles  ( or  in  one  of  our  illustrations,  the 
building-stones),  by  the  parallel  orientation  of  which  the  crystals 
are  constructed,  consist  of  a  limited  number  of  molecules.  Let 
these  be  in  a  definite  order  and  firmly  united  in  the  particle. 
This  union  is  the  subject  of  study  of  stereo-chemistry.  Each 
particle  has  its  centre  of  gravity ;  in  like  manner  every  single 
molecule  composing  it  has  its  centre  of  gravity.  AVe  assume  now, 
till  we  learn  better,  that  the  directions  of  the  particle-forces  pro- 
ceed from  the  centre  of  gravity  of  the  particle  through  the  cen- 
tres of  gravity  of  the  individual  molecules  (in  some  cases  of  the 
atoms). 

On  the  basis  of  this  hypothesis  a  cooperation  of  crystallo- 
graphy and  chemistry  can  be  inaugurated.  Cr\stallography  gives 
by  measurement  of  the  crystals  the  direction  of  the  particle-forces 
perpendicular  to  the  chief  faces.  Chemistry  furnishes  us  with 
knowledge  of  the  molecules.  Both  branches  of  science  have  the 
same  object  in  view  and  will  sonie  day  be  joined. 

Two  sorts  of  curved  faces  of  crystals  engage  our  special  at- 
tention :  the  first  due  to  the  growth  of  the  crystal,  the  second  due 
to  dissolution.  In  the  first  case  we  speak  of  crystal  faces  and 
growth  figures :  in  the  second  case  of  etch-figures,  dissolution- 
faces,  and  dissolution-forms.  We  may  as  well  call  the  latter 
decreasing  fonns  or  forms  of  dccretion.  On  the  one  hand  we 
have  to  do  with  the  forms  of  construction,  on  the  other  with  those 
of  destruction. 

In  the  case  of  the  forms  due  to  the  constructive  action  of  the 
particles,  we  can  trace  in  their  curved  reflections,  the  light-paths, — 
the  action  of  the  particle-forces  when  the  crystal  is  being  built. 
Those  curved  faces  with  their  most  characteristic  features  are 
historical  monuments  in  the  history  of  crystal-building.  Na- 
ture has  preserved  them  for  us  in  millions.  In  comparison  with 
them  the  monuments  of  human  history  are  few  in  number. 

The  etch-figiircs  and  dissolution-forms,  on  the  contrary,  show 
in  their  curved  light-paths  determined  by  measurement,  the  his- 

9 


30  BI'LLETIX    OF    THE    L'XIVERSITY    OF    TVISCOXSIX. 

torical  method  followed  by  the  process  of  dissolution.  They  show 
the  direction  and  the  manner  of  co-operation  of  the  aggressive 
and  defensive  forces  in  the  act  of  destruction.  In  this  manner 
they  give  us  a  foundation  for  a  theory  of  the  mechanics  of  the 
dissolution  process. 

This  theory  of  dissolution,  just  as  well  as  the  mechanical  theory 
of  crystal  growth,  interests  the  physicist  and  chemist,  as  much  as 
it  does  the  crystallographer.  It  also  interests  the  biologist  and 
the  geologist.  For  all  creation  and  decay  in  Xature  is  a  process 
of  construction  and  destruction,  and  we  can  say  that  the  solution 
of  this  problem  in  its  most  elementary  form  belongs  to  the  domain 
of  crystallography ;  and  this  task,  with  all  that  pertains  to  it, 
assigns  crystallography,  to  a  central  place  among  the  sciences, 
whose  task  it  is  to  give  to  the  human  mind  an  insight  into  cre- 
ative Nature's  working. 

Now  let  us  first  briefly  examine  the  ctcli-iignrcs.  These  are 
small  elevations  and  excavations — hills  and  hollows — which  are 
brought  out  when  a  crystal  face  is  acted  upon  for  a  time  by  a 
solvent;  for  example,  calcite  (CaCOg)  treated  with  hydrochloric 
acid  (HCl).  Widmannstatten  in  Menna  in  1808  was  the  first  to 
call  attention  to  this.  He  etched  the  surfaces  of  meteoric  iron  and 
showed  that  the  structure  of  these  wonderful  visitors  to  earth 
from  the  sky  can  be  recognized  by  means  of  the  etch-figures,  and 
distinguished  from  that  of  telluric  iron.  At  present  a  develop- 
ment of  this  method  of  research  is  technically  employed  in  the 
study  of  the  composition  and  structure  of  the  many  varieties  of 
iron  and  steel,  as  well  as  of  alloys  which  the  metal  industry  fur- 
nishes. 

In  the  case  of  crystals  it  becomes  evident  that  the  etch-figures 
gave  us  the  means  of  recognizing  the  crystal  system  as  well  as 
hemihedrism  and  twinning  in  many  cases  in  which  other  means 
failed.  For  this  purpose,  small  as  they  are.  they  were  studied 
under  the  microscope  and  reproduced  by  micro-photography.  An 
essential  step  in  advance  in  the  comprehension  of  the  study  of 
the  etch-figures  was  made  by  the  two-circle  measurement. 
Thereby  it  was  found  that  these  hills  and  hollows  produced  by 
etching  are  bounded  by  curved  faces.  The  light-path  of  these, 
observed  and  measured  by  the  goniometer  and  transferred  to  the 
projection-picture,   showed  a   system   of   lines   and   knots   which 
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was  proven  to  be  identical  with  the  Hnes  and  knots  represent- 
ing the  form  system  of  the  crystal  species  examined. 

Hence  we  have  in  the  etch-figures  a  means  of  measuring  and 
describing  the  position  of  the  chief-knots  and  the  course  of  the 
chief-paths ;  in  short,  the  form-system  of  the  crystals  of  this 
mineral  species,  even  in  those  cases  where  Nature  has  furnished 
cr}-stals  with  only  a  few  faces.  For  the  first  time,  we  are  now 
in  a  position  consistently  to  explain  and  to  compare  those  crystals 
that  are  poor  in  forms ;  to  comprehend  accurately  the  analogies 
between  the  form  systems  of  different  crystal  species  :  and  to  draw 
conclusions  with  regard  to  the  active  particle-forces  as  respects 
their  direction,  intensity,  and  common  action,  even  in  the  cases 
of  imperfect  development.  This  holds  good  not  only  in  the  case 
of  crystals  in  the  mineral-kingdom,  but  also  with  respect  to  the 
host  of  those  formed  in  the  chemist's  laboratory,  which  are  all 
poor  in  form.  This  whole  domain  must  in  this  sense  be  revised, 
and  it  promises  most  valuable  information.  The  chemist,  how- 
ever, recognizing  the  importance  of  this  task,  must  cultivate  or 
produce  sufficiently  large  and  good  crystals,  and  must  himself 
take  part  in  the  measurement,  for  the  number  of  active  crystal- 
lographers.  though  doubtless  increasing  gradually,  is  not  large 
enough  to  take  over  the  task. 

A  still  deeper  insight  into  the  nature  of  the  process  of  dissolu- 
tion is  given  by  those  bodies  which  we  have  called  dissolution- 
torms  (Lbsungskbrpcr).  These  are  bodies  f residual  forms) 
produced  when  a  sphere  ground  from  a  crystal,  for  instance,  of 
calcite,  is  etched  and  further  subjected  to  solvent  action.  Associ- 
ated with  a  young  American  mineralogist.  Dr.  F.  E.  Wright,  I 
have  made  and  published  investigations  on  this  subject.  The 
results  were  as  valuable  as  they  were  surprising.  It  is  difficult 
to  give  an  idea  of  these  wonderful  forms  without  presenting  them 
to  your  view,  but  you  can  easily  prepare  similar  ones  for  your- 
selves, therefore  a  few  hints  may  perhaps  suffice  to  induce  some 
of  you  to  undertake  the  study  of  them. 

I  shall  speak  of  calcite.  but  further  investigation  has  shown  that 
what  has  been  discovered  about  this  mineral,  is  of  general  appli- 
cation. If  I  treat  a  sphere  of  calcite — I  shall  take  for  this  pur- 
pose pure  Iceland  spar,  but  less  pure  material  will  suffice  (for 
example,  the  large  American  calcites  from  Joplin.  ^lissouri)  — 
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if  I  treat  a  sphere  of  calcite,  I  repeat,  for  a  few  seconds  with 
strong  acid  a  great  many  etchings  are  formed  upon  it.  They  are 
arranged  in  rows  following  the  great  circles  which  cut  each  other 
at  the  chief-lviiots  (chief- faces).  The  rows  are  the  zone-lines, 
the  knots  the  positions  of  the  chief-faces  of  calcite.  Thus  we 
find  engraved  upon  the  sphere  the  form  system  of  calcite.  Fur- 
ther, if  we  set  the  treated  sphere  on  the  two-circle  goniometer 
and  measure  the  light-paths  fZiigc  dcr  Rcflexe)  we  obtain  anew, 
in  the  picture  of  these  paths,  now  however  with  greater  clearness, 
the  form-system  of  calcite. 

If  we  continue  the  process  of  dissolution,  something  quite  un- 
expected occurs.  Exactly  where  the  rows  of  etch-holes  were  first 
excavated,  there  arise  prominent,  sharp  edges,  which  intersect 
forming  pointed  corners  just  on  the  spots  where  the  chief-knots 
are  located.-  We  have  thus  once  more  the  form-system  of  calcite 
before  us,  but  in  a  new  guise. 

A\'e  will  call  the  so  formed  bodies  derived  from  the  sphere 
through  dissolution  by  preference,  dissolution-bodies.  They  show 
the  forms  of  the  crystal  in  its  course  of  destruction :  when  in  a 
state  of  disappearance,  or  of  dissolution  just  as  what  we  usually 
call  crystal  forms  are  the  forms  of  the  cr^'stal  in  its  course  of  con- 
struction, or  of  growth.  To  the  study  of  the  domain  of  crystal 
forms,  which  illustrates  the  process  of  growth,  is  added  therefore 
as  a  new  field  of  research  that  of  the  solution  bodies,  which  illus- 
trate the  process  of  dissolution.  In  the  study  of  crystals  and  of 
dissolution-bodies,  we  find  chiselled  on  their  surface  by  Nature's 
hand  the  history  of  their  growth  and  decay ;  just  as  the  historian, 
from  monuments  and  documents,  reads  of  the  rise  and  fall  of  the 
Roman  Empire.  We  must,  however,  learn  to  read  Nature's  hand- 
w^riting.  But  Nature  is  patient  and  kind  to  us.  As  soon  as  we 
cause  a  crystal  to  grow,  or  a  crystal  sphere  to  be  dissolved,  she 
writes  down  for  us  her  story,  truly  and  fully,  as  often  as  we  wish, 
and  then  leaves  the  documents  in  our  hands  to  read  them  over 
and  over  and  study  them  out  in  detail. 

Solution  bodies  and  crystal  forms  present  this  remarkable  re- 
ciprocal relation — where  the  dissolution-body  presents  an  edge, 
the  grown  crystal  shows  a  zone,  and  vice  versa.  But  we  will 
not  here  further  discuss  these  interesting  points.  The  discussion 
would  lead  us  too  far  into  crystallographic  details. 
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As  we  have  said  before,  these  dissokition-bodies  and  etch-fig- 
ures enable  us  to  form  a  basis  for  a  mechanical  theory  of  the 
process  of  dissolution,  and  this  is  a  problem  which  arouses  the 
interest  of  the  scientific  world  far  bevond  the  bounds  of  crystal- 
lography proper.  To  indicate  the  way  in  which  this  may  be  done, 
we  will  now  attempt  to  get  an  idea  of  the  manner  in  which  etch- 
figures  develop.  To  begin  with,  experience  shows  that  these  fig- 
ures are  brought  out  exclusively  on  the  chief-faces  and  in  the 
chief-zones.  Therefrom  it  comes,  that  they  can  serve  as  marks 
for  the  recognition  of  faces  as  the  most  important  and  primary 
ones,  and  that  the  positions  of  the  chief-faces  and  chief-zones  on 
the  etched  sphere  are  recognizable  from  the  spots  on  which  etch- 
holes  occur.  We  will,  therefore,  first  consider  the  process  by 
which  these  depressions  are  formed  on  a  chief-face,  and  in  order 
to  grasp  this  fact  in  a  more  concrete  manner  oy  means  of  an  ex- 
ample, let  us  take  a  chief-face  of  calcite  dissolved  with  hydro- 
chloric acid.  From  the  process  here  going  on  we  can  picture  to 
ourselves  "the  following,  ^^'e  assume  that  the  chief-faces  are  at 
right  angles  to  the  chief  attraction-forces  of  the  particle.  These 
particles  situated  side  by  side  form  the  face.  Their  attractive 
forces  acting  inwards  hold  them  together.  It  is  the  cause  of 
their  cohesion  and  strength.  The  free  ends  of  these  forces  all 
arranged  parallel  to  one  another  outwardly  attract  exterior  parti- 
cles at  right  angles  to  the  face.  Thus  they  attract  the  molecules 
or  particles  suspended  in  a  liquid  in  contact  with  the  crystal. 

We  assume  now.  and  this  is  our  hypothesis,  that  the  CaCOg 
particles  which  form  the  face  in  contact,  attract  perpendicularly 
to  the  face  by  means  of  their  mutual  tendency  to  chemical  action, 
the  dissolved  HCl  particles ;  whereupon  the  chemical  action  is 
carried  out  which  transforms  HCl  -f-  CaCOg  into  CaCU  -f  H.^O  4- 
CO,. 

As  fast  as  the  HCl  particles  are  neutralized.  CaCL  particles 
being  formed,  fresh  HCl  particles  take  their  place.  Thus  there 
arise  two  currents,  one  a  reaction-current  at  right  angles  to  the 
face,  and  at  the  same  time  a  return  current  also  at  right  angles  to 
the  same  face  and  carrying  oflf  the  products  of  the  reaction.  Since 
both  currents  directed  alike  but  in  opposite  directions  affect  the 
whole  face,  both  must  separate  into  individual  streamlets  which 
give  place  to  each  other.     At  the  border  of  the  inflowing  and  out- 
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flowing  streamlets  eroding  whirlpools  arise  which  engrave  the 
etch-depressions,  until  the  face  becomes  covered  as  though  with 
pock  marks.  That  is  our  notion  of  the  generation  of  the  etch- 
figures. 

In  the  case  of  amorphous  substances,  the  little  depressions  have 
the  form  of  skull-caps :  they  resemble  microscopic  finger-prints  in 
plastic  clay.  In  the  case  of  crystals  they  have  a  style  of  their 
own — that  is,  they  are  bordered  by  regularly  curved  facets,  due  to 
the  orienting  cooperation  of  the  particle-forces  perpendicular  to 
the  face  with  those  which  are  not  at  right-angles  to  it. 

We  see  now  how  the  same  forces  which  unite  the  particles,  the 
forces  of  cohesion,  are  those  which  attract  the  aggressive  solvent 
in  the  process  of  dissolution,  and  at  the  same  time  resist  it.  This 
presentation  furnishes  us  with  the  ke}  to  the  process.  Similarly 
in  war  the  front  draws  on  the  enemy  and  repulses  him.  Thus 
likewise  gravitation,  -which  holds  the  hills  together,  attracts  at 
the  same  time  the  destroying  rain  which  digs  holes  in  the  surface, 
cuts  channels,  and  causes  all  those  phenomena  which  in  geology 
are  summed  up  under  the  head  of  erosion. 

As  a  matter  of  fact  the  most  perfect  analogy  exists  between 
dissohition  and  erosion,  so  that  we  can  study  the  mechanism  of 
dissolution  in  that  of  erosion  and  vice  versa.  Similarly  the 
whirls  of  air,  bore  holes  into  the  stones  of  the  desert  and  into 
the  meteorites  during  their  furious  rush  through  the  atmosphere 
and  engrave  on  their  surface  erosion-figures  of  the  same  shapes, 
which  are  characteristic  of  the  dissolution  process.  We  see  here 
several  wide  fields  of  investigation  interconnected  in  such  a  way 
that  the  one  throws  rays  of  light  upon  the  other. 

If  we  have  on  the  crystal  not  a  chief-face,  but  a  subordinate 
one,  subjected  to  the  attack  of  the  solvent ;  that  is,  if  the  chief 
attractive  forces  of  the  particles  are  not  at  right  angles  to  the  face, 
then  the  reaction  current  meets  the  face  in  an  inclined  direction. 
In  this  case  the  aggressive  streams  and  the  return  streams  which 
form  the  eroding  whirls,  do  not  act  perpendicularly  to  the  face. 
The  phenomena  are  similar  to  those  seen  when  rain  beats  against 
an  inclined  plane,  or  when  the  wind  blows  at  an  angle  against  a 
sand  plain.  Dune-like  elevations  are  produced  with  a  steep  front 
and  a  sloping  back,  all  similarly  arranged  with  regard  to  the 
attacking  current.     The  process  of  dissolution  presents  such  dune- 
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like  forms  on  faces  that  are  not  chief-faces.  They  are  elevations 
that  are  called  '"etch  hills."  They,  like  the  etch-holes,  have  a 
style  of  their  own,  that  is,  they  are  covered  with  regularly  curved 
facets  due  to  the  orienting-  action  of  the  particle-forces.  The 
form  and  arrangement  of  the  etch-hills  give  us  information  about 
the  reaction-current  and  at  the  same  time  of  the  ways  and  means 
of  attack  and  defence.  This  is  again  the  mechanism  of  the 
process  of  dissolution.  This  mechanism  will  be  satisfactorily 
explained  only  when  it  can  be  calculated.  But  a  calculation  is 
possible  only  after  a  foundation  for  such  calculations  has  been 
obtained  by  a  correct  conception  of  the  precepts  of  nature. 

\\'e  are  now  in  a  position  to  understand  also  the  forms  produced 
by  dissolution  from  crystal  spheres,  the  so-called  dissolutio}i 
bodies.  In  the  case  of  the  sphere  the  position  on  the  surface  and 
the  direction  from  the  centre  are  of  the  same  significance.  A  point 
on  the  sphere  designates  the  direction  of  the  particle-force  and  at 
the  same  time  the  position  of  the  face  at  right  angles  to  this  direc- 
tion. If  this  be  a  chief-point  corresponding  to  a  chief-face  (that 
is,  this  direction  is  that  of  a  chief- force  of  the  particle)  then  the 
attack  by  means  of  the  reaction  current  falls  centrally  upon  this 
point  and  the  etch-holes  are  formed  there,  as  in  the  case  of  the 
face,  but  only  in  a  limited  area  around  it,  (the  chief  knot- 
point).  This  area  may  be  considered  as  plane.  The  greater  the 
radius  of  the  sphere  is,  the  greater  is  this  area.  The  same  forma- 
tion of  excavations  is  shown  at  all  the  chief-knots,  and  in  this 
way  the  direction  of  the  chief  particle-forces  is  marked  upon  the 
sphere.  ^Moreover,  depressions  appear  on  the  great  circles  lying 
between  the  chief-knots.  They  indicate  the  planes  (zone-planes) 
in  which  two  chief-forces  of  the  particle  enter  into  common 
action.  This  common  action  works  in  the  case  of  face-formation 
according  to  the  law  of  complication,  and  gives  the  derived  faces 
their  position  in  accordance  with  the  laws  of  "harmony.  There- 
fore in  this  stage  of  the  dissolution  process  the  chief  zones  are 
marked  by  series  of  little  holes  resembling  furrows  formed  by 
contiguous  indentations  and  extending  from  chief-knot  to  chief- 
knot.  There  appears  in  them,  not  very  sharp,  however,  the 
form-system  of  the  mineral  species,  engraved  in  the  sphere. 

If  the  dissolution  process  be  continued  we  find  that  there  arises 
(as  already  mentioned)   at  each  chief-point  a  sharply  projecting 
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corner  instead  of  the  excavation.  This  astonishing  phenomenon 
can  be  explained  in  the  following  way.  The  reaction-current, 
working  perpendicularly  bores  the  holes.      (See  Fig.  2.)      In  the 


Fig. 


case  of  the  sphere,  however,  (in  contradistinction  to  the  face)  the 
reaction  current  strikes  the  curved  face  no  longer  vertically  but 
slantingly  at  some  distance  from  the  knot,  and  slides  sideways, 
carrying  with  it  the  edges  of  the  excavations  and  forming  in 
its  course  etch-hills,  like  rain  water  flowing  down  the  sides  of  a 
crater.  If  the  process  continues,  the  edges  of  the  excavations 
entirely  disappear.  (See  Fig.  3.)  The  boring  process  ceases, 
since  the  reaction  current  no  longer  acts  vertically,  and  in  place 
of  the  depression  there  remains  a  sharp  pointed  elevation.     This 


Fig.  3. 


sharp  point  offers  most  resistance  to  the  attack,  and  so  maintains 
itself ;  since  it  is  the  direction  of  the  greatest  resistance  of  the 
particles,  the  direction  of  the  chief  attraction  with  which  the 
particles  cohere  and  with  which  they  resist  the  action  of  the  force 
tending  to  separate  them. 

In  like  manner  the  spires  of  towers  and  mountain  peaks  offer 
the  greatest  resistance  to  the  attack  of  the  rain.  Furthermore,  an 
umbrella  is  held  with  its  point  towards  the  rain  which  runs  down 
its  sides.     Also  the  roofs  of  houses  are  built  on  this  plan. 
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As  in  the  knot-points  of  the  sphere  corners  are  formed  on  the 
spots,  where  holes  were  before ;  so  also  is  a  ridge  formed  instead 
of  the  series  of  excavations  on  the  path  of  the  zone-lines. 

Xow  the  current  flows  down  on  both  sides  of  the  ridge  as  does 
the  rain  on  both  sides  of  the  mountain  crest,  and  marks  its  course 
bv  etch  hills  forming  striae  in  the  direction  of  the  slope  and  per- 
pendicular to  the  strike  of  the  crest.  Thus  we  obtain  the  dis- 
solution-body as  the  representation  of  equilibrium  between  at- 
tack and  defence.  In  this  dissolution-body,  the  form-system  of 
the  crystal  species  is  indicated  by  corners  at  the  chief-knots,  by 
edges  in  the  chief  zones,  by  holes  and  hills,  with  characters  which 
we  must  study  and  which  we  shall  learn  to  read  like  those  on 
the  ruins  of  Memphis  and  Babylon.  In  these  characters  there  is 
engraved  a  complete  account  of  the  course  of  the  process  of  dis- 
solution, in  the  various  stages ;  all  of  which  we  can  obtain  by  inter- 
rupting and  continuing  the  process  at  pleasure. 

The  dissolution  bodies  so  produced  are  of  extreme  beauty  and 
variety.  Each  solvent  writes  its  own  handwriting,  varying  with 
the  degree  of  concentration  and  the  temperature  employed.  In 
the  case  of  continued  dissolution  the  original  corners  and  edges, 
shortly  after  being  formed,  begin  to  migrate.  Their  ways  are 
governed  by  laws  which  in  themselves  are  interesting  subjects 
of  study,  and  they  give  us  at  the  same  time  an  account  of  the 
solution's  progress.  Finally  a  state  of  ecjuilibrium  is  reached  in 
which  corners  and  edges  cease  migrating.  A  form  is  obtained 
which  we  call  an  cud-body.  This  body  subjected  to  continued 
solvent  action  becomes  smaller  and  smaller  without  altering  its 
shape  until  it  completely  disappears. 

I  could  entertain  you  for  hours  with  narratives  concerning  this 
realm  of  the  beautiful,  with  accounts  of  this  new  world  of  van- 
ishing forms,  with  descriptions  of  ways  and  means  of  entering 
into  this  borderland  which  promises  us  insight  into  the  nature  and 
method  of  action  of  the  crystal-building  particles,  and  into  the 
processes  of  growth  and  decay  at  the  boundary  line  between 
the  solid  and  fluid.  But  I  must  limit  myself  to  these  hints,  since 
the  time  has  flown  which  was  apportioned  to  this  address. 

I  should  like  to  invite  you  to  see  all  this  for  yourselves  at  close 
quarters  and  to  accompany  me  into  this  wonderful  domain.  You 
would   derive  much  pleasure   from   it.     But  you  yourselves  are 
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investigators  in  domains  of  your  own.  Let  tis,  then,  while  each 
pursues  his  own  course,  extend  the  land  of  the  borderland  for 
combined  effort  in  the  furtherance  of  the  knowledge  of  Nature 

and  of  the  human  mind. 
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A  CONTRIBUTION  TO  THE  CHEMISTRY  OF  THE 
TELLURATES. 


IXTRODUCTIOX. 


The  first  systematic  study  of  tellurium  and  its  compounds  was 
made  by  Berzelius  in  the  early  part  of  the  last  century.  He 
showed  that  tellurium  forms  two  oxygen  acids,  H^TeOa  and 
H2Te04.  Berzelius  prepared  telluric  acid  in  the  crystalline  form 
and  showed  that  it  has  the  composition  H2Te04.2H20.  He 
prepared  a  large  number  of  the  salts  of  both  tellurous  and  telluric 
acids  and  found  that  nearly  all  of  the  metals  yield  insoluble  com- 
pounds with  these  acids.  Consequently  the  tellurates  were 
largely  obtained  in  the  form  of  precipitates.  Berzelius  made  quite 
a  detailed  study  of  some  of  these  compounds.  In  the  case  of 
others,  however,  the  tellurate  was  prepared  and  but  little  more 
is  recorded  concerning  it.  The  work  of  Berzelius  is  of  great 
importance  in  that  it  has  not  only  furnished  us  with  a  large  num- 
ber of  facts  concerning  these  compounds  but  also  paved  the  way 
for  a  fuller  investigation  of  their  properties  by  later  chemists. 

Oppenheim.  Becker,  Staudenmaier.  Retgers,  ]\Iylius,  and  Gut- 
bier  have  each  made  important  contributions  to  our  knowledge 
of  telluric  acid  and  its  salts. 

All  of  the  alakli  metals,  sodium,  potassium,  rubidium,  and 
caesium  yield  soluble  crystalline  tellurates  and  these  have  re- 
ceived the  attention  of  investigators  to  a  greater  extent  than  have 
the  tellurates  of  the  heavy  metals.  Indeed  many  of  the  tellurates 
that  were  obtained  as  precipitates  by  Berzelius  appear  not  to 
have  been  studied  at  all  by  later  investigators.  An  examination 
of  the  literature  on  the  tellurates  shows  that  detailed  knowledge 
of  most  of  them  is  wanting.  ]\Iany  of  the  properties  that  have 
been  observed  appear  to  be  those  of  mixtures.     This  is  doubtless 
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due  to  the  fact  that  telluric  acid  possesses  weak  acid  properties 
and  has  a  great  tendency  to  form  basic  salts,  particularly  with 
the  heavy  metals,  and,  in  general,  to  form  complex  salts.  It  is 
frequently  found  that  the  line  of  demarcation  between  two  of 
the  tellurates  as  they  separate  from  solution  is  so  narrow  that 
one  salt  is  contaminated  by  another  and  sometimes  by  a  third  or 
a  fourth.  The  tellurates  of  the  alkali  metals  are  the  only  ones 
that  have  hitherto  been  described  as  crystalline. 

The  following  work  was  undertaken  with  a  view  of  j)reparing 
a  number  of  the  tellurates  and  studying  their  properties.  The 
work  has  been  confined  for  the  most  part  to  the  salts  of  potassi- 
um, silver,  and  mercury.  Careful  attention  has  been  devoted  to 
their  preparation  in  the  crystalline  form.  The  ease  with  which 
the  tellurates  of  silver  and  mercury  are  decomposed  by  water  has 
made  this  problem  particularly  difficult.  For  the  most  part  the 
salts  appear  at  first  as  amorphous  precipitates  of  varying  com- 
position and  quickly  alter  in  the  mother  liquor,  their  subsequent 
composition  depending  on  the  conditions  in  the  solution. 
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TELLURIC  ACID. 

Berzelius^  prepared  telluric  acid  by  oxidizing  tellurium  diox- 
ide in  alkaline  solution  with  chlorine.  From  this  solution  he 
precipitated  barium  tellurate  by  means  of  barium  chloride  and 
subsequently  treated  the  barium  salt  formed,  with  sulphuric  acid. 
Sulphuric  acid  liberates  free  telluric  acid  from  barium  tellurate, 
insoluble  barium  sulphate  being  formed  at  the  same  time.  Ber- 
zelius  also  oxidized  tellurium  dioxide  by  fusing  it  with  potassium 
nitrate.  From  the  potassium  tellurate  thus  formed,  he  obtained 
barium  .tellurate  from  which,  in  turn,  he  Ulcerated  the  free  acid 
by  means  of  sulphuric  acid. 

Oppenheim-  obtained  the  acid  by  fusing  tellurium  dioxide  with 
potassium  hydrate  and  potassium  chlorate.  He  used  the  method 
of  Berzelius  for  preparing  the  free  acid  from  the  alkali  tellurate. 

Becker^  dissolved  tellurium  in  nitric  acid  and  oxidized  the  solu- 
tion by  means  of  lead  peroxide.  The  lead  tellurate  obtained  was 
decomposed  by  sulphuric  acid. 

Gutbier"'  and  Wagenknecht  have  shown  that  telluric  acid  can  be 
prepared  by  oxidizing  tellurium  dioxide  by  means  of  hydrogen 
peroxide  in  a  solution  which  is  strongly  alkaline  with  sodium  or 
potassium  hydroxide.  The  alkali  tellurate  which  is  obtained  in 
this  manner  is  treated  with  nitric  acid  and  the  telluric  acid  ob- 
tained in  the  free  condition. 

The  telluric  acid  used  in  this  work  was  obtained  by  purifying 
and  oxidizing  electrolytic  tellurium  prepared  by  the  Baltimore 
Copper  Co.  This  tellurium  contains  silver,  copper,  and  selenium 
as  its  principal  impurities.  The  acid  was  prepared  by  the  method 
described  by  Staudenmaier.^  By  this  method  free  telluric  acid  is 
obtained  by  oxidation  of  tellurous  acid  by  means  of  chromic  acid. 
In  many  respects  this  method  is  superior  to  those  in  which  sul- 
phuric acid  is  used  to  set  the  telluric  acid  free.  The  yield  is 
greater,  the  operaton  is  more  direct,  and  the  sulphuric  and  selenic 


'Pogg.  Ann.,  Vol.  32.  p.  23. 

=  Jour.  f.  pr.  Chem.,  Vol.  71,  p.  266. 

'Ann.  Chem.,  Vol.  180,  p.  256. 

♦Zeit.  f.  anorg.  Chem.,  Vol.  40,  p.  260. 

"Zeit.  f.  anorg.  Chem.,  Vol.  10,  p.  189. 
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acids  are  eliminated  in  one  of  the  first  steps  of  the  process  which 
consists  in  purifying-  tellurium  dioxide.  These  acids  are  apt  to 
contaminate  telluric  acid  prepared  by  the  other  methods,  unless 
special  precautions  are  taken. 

The  method  as  carried  out  in  this  work  is  as  follows : 

Tellurium  is  dissolved  in  aqua  regia  and  the  resulting  solution 
freed  from  nitric  acid  by  evaporating  with  excess  of  hydrochloric 
acid.  After  the  hydrochloric  acid  solution  has  been  diluted  and 
filtered  the  tellurium  is  precipitated  by  means  of  sodium  acid  sul- 
phite and  repeatedly  washed  with  hot  water.  The  moist  tellurium 
is  oxidized  with  nitric  acid  and  the  resulting  basic  nitrate  purified 
by  recrystallization. 

The  purified  basic  nitrate  is  covered  with  several  times  its  bulk 
of  dilute  nitric  acid.  A  little  more  chromic  acid  is  added  to  the 
solution  than  is  required  by  the  equation  3TeOo+2Cr034-3HoO 
=3H2TeO^+CroO..  \\'hen  the  mixture  is  boiled  for  some 
time  the  tellurium  dioxide  is  completely  oxidized  to  telluric 
acid  according  to  the  above  equation.  The  solution  is  then  con- 
centrated over  the  water  bath  until  a  crystalline  crust  begins  to 
form  and  allowed  to  cool  slowly.  The  telluric  acid  separates  as  a 
compact  crystalline  layer  which  is  easily  removed  from  the  solu- 
tion and  rinsed  to  free  it  from  the  mother  liquor.  If  the  nitric 
acid  solution  to  w^hich  the  chromic  acid  has  been  added  is  quite 
concentrated,  telluric  acid  will  separate  from  the  hot  solution  in 
the  form  of  fine  crystals.  The  solution  is  cooled,  decanted,  and 
again  concentrated  over  the  water  bath  until  crystals  form.  This 
operation  is  repeated  as  long-  as  telluric  acid  separates  from  the 
mother  liquor. 

The  telluric  acid,  which  is  green  from  the  presence  of  chromium 
nitrate,  is  dissolved  in  hot  water  and  recrystallized.  If  a  white 
residue  remains  when  the  acid  is  dissolved,  it  is  an  indication  that 
the  amount  of  chromic  acid  was  insufficient  to  oxidize  all  of  the 
tellurium  dioxide.  A  residue  may  remain  even  when  the  hot 
nitric  acid  solution  is  clear.  This  is  due  to  the  fact  that  tellurium 
dioxide  is  much  more  soluble  in  hot  nitric  acid  than  in  cold,  and 
so  may  separate  with  the  telluric  acid  when  the  solution  is  cooled. 
In  order  to  remove  the  chromium  nitrate  from  the  telluric  acid 
and  obtain  a  pure  white  product  the  acid  must  be  recr\'stallized 
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from  ten  to  twenty-five  times,  depending  upon  the  amount  of  the 
chromium  salt  present. 

It  has  been  found  possible  to  prepare  fifteen  hundred  grams  of 
the  recrystallized  acid  in  six  weeks.  The  yield  is  about  80%. 
Telluric  acid  remains  in  the  mother  liquor  along  with  the  chro- 
mium nitrate,  from  which  it  cannot  be  readily  separated  as  the 
solution  becomes  syrupy  upon  evaporation. 

Telluric  acid  is  readily  soluble  in  either  hot  or  cold  water.  It 
is  much  more  soluble  in  hot  water  than  in  cold.  Its  solubility  is 
decreased  by  the  addition  of  nitric  acid.  This  fact  may  be  made 
use  of  in  the  separation  of  telluric  acid  from  chromium  nitrate. 
When  concentrated  nitric  acid  is  added  to  a  concentrated  solution 
of  these  compounds  telluric  acid  is  precipitated ;  the  chromium 
nitrate  being  soluble  in  nitric  acid,  remains  in  solution.  If  a  solu- 
tion of  telluric  acid  is  concentrated  rapidly  it  does  not  crystallize 
but  appears  as  a  syrupy  or  gummy  mass. 

Telluric  acid  is  dimorphous*'  crystallizing  in  the  hexagonal- 
rhombohedral  and  isometric  systems.  It  usually  crystallizes  from 
its  solutions  in  the  rhombohedral  system  but  regular  octahedra  are 
sometimes  formed.  The  crystals  are  colorless  and  transparent. 
They  have  the  composition  represented  by  the  formula  HoTeO^. 
2H,'o. 

Staudenmaier '  describes  a  second  hydrate  of  telluric  acid  having 
the  composition  H2Te04.6H20  which  he  obtained  by  cooling 
an  aqueous  solution  of  telluric  acid  to  zero. 

Telluric  acid  is  a  weak  acid  showing  but  a  feeble  reaction  to 
litmus.  Gutbier^  found  that  telluric  acid  has  about  the  same 
molecular  conductivity  as  hydrocyanic  acid  or  hydrogen  sulphide. 
He  determined  the  molecular  weight  of  telluric  acid  by  the  freez- 
ing point  method.  From  the  results  which  he  obtained  he  con- 
cludes that  telluric  acid  should  be  represented  by  the  formula 
Te(OH)„  and  not  H3TeO,-|-2H.,0. 

When  heated  above  110°  telluric  acid  loses  water.  According 
to  Gutbier'^  constant  weight  is  obtained  at  145°.  He  shows  that 
the  loss  in  weight  at  that  temperature  is  not  as  great  as  that  re- 


'Gutbier — Studlen  iiber  das  Tellur,  p.  18. 

n.  c. 

M.   c.      / 

•Studien  fiber  das  Tellur.,  p.  16. 
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quired  by  the  change  of  HoTe04.2HoO  to  HoTeO^.  Experiments 
carried  out  during  the  progress  of  this  work  have  given  similar 
results  to  those  obtained  by  Gutbier. 

Alylius^^  states  that  H2TeO,.2H,0  is  changed  to  (H.TeO  J  ^ 
at  about  140°.  He  calls  the  polymerized  acid  allotelluric  acid  and 
shows  that  its  solutions  have  a  much  greater  conductivity  than 
the  acid  that  has  not  been  dehydrated.  The  conductivity  of  solu- 
tions of  allotelluric  acid,  according  to  Mylius,  diminishes  upon 
standing.  This  may  indicate  that  the  acid  gradually  assumes 
the  composition  H^TeOg  when  in  solution. 

While  telluric  acid  may  be  considered  a  weak  acid,  a  hot  aque- 
ous solution  of  it  will  attack  many  metals  such  as  silver,  mercury, 
lead,  bismuth,  copper,  zinc,  arsenic,  antimony,  tin,  aluminum,  cad- 
mium, and  nickel.  A  number  of  these  metals  are  attacked  by  a 
cold  solution  of  the  acid. 


SALTS  OF  TELLURIC  ACID. 

The  types  of  salts  that  telluric  acid  forms  may  be  represented 
as  follows:  (2M,0.3Te03),  (M'20.2Te03),'  (M'^O.TeOg), 
(3M',0.2Te03),  and  (sM'^TeOg).  Crystalline  salts  of  all  of 
these  t}-pes  are  now  known.  With  the  possible  exception  of  mer- 
curic orthotellurateii  (HgaTeOe)  no  anhydrous  crystalline  salt 
has  been  described.  It  is  claimed  by  Xandl  and  von  Lang^-  that 
KjTeO^  exists  as  a  crystalline  salt  in  the  anhydrous  condition  but 
its  existence  has  been  disputed'^  by  Retgers,  Rammelsberg,  Stau- 
denmaier,  and  Gutbier. 

Berzelius  considered  telluric  acid  a  dibasic  acid  and  accord- 
ingly called  salts  of  the  type  M'2Te04  normal  tellurates  and  salts 
of  the  other  types  basic  or  acid  tellurates  according  as  they  con- 
tain more  or  less  metallic  oxide  than  the  normal  salt.  This 
nomenclature  has  been  universally  adopted  in  describing  the  tel- 
lurates and  is  adhered  to  in  the  following  description.     However, 


'"Ber.,  Vol.  34,  II,  p.  2208. 

"New  salt. 

"Wiener  Akad.  Ber.,  Vol.  43,  p.  117. 

"Gutbier,  Studien  iiber  das  Tellur.,  p.  36. 
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salts  of  tlie  type  M'gTeO,;  are  termed  ortho-tellurates  from  their 
evident  relation  to  orthotelluric  acid  H,;TeOg. 

We   have   both   amorphous   and    crystalhne   salts    of   the   t>'pe 
M'eTeOe  such  as  Ag^TeO^,^'  Hg"3Te06,^'  CUsTeOg,!^  and  Zn^ 
TeOg.^*^     These  salts   appear   to  be  derived  from  the  hexabasic 
acid  HeTeOg  which  is  identical  in  composition  with  ordinary  tel 
luric  acid. 

The  crystalline  salts  of  the  type  iNLO.TeOg  contain  two  or  more 
molecules  of  water,  for  example,  (Xa20.Te03.2H20),^'  (K2O. 
Te03.2H20)/*  (Cs,O.Te03.3H,0)/''  (Rb2O.TeO3.3H2O)," 
(Ag-20.Te03.2H,0),-<>  (HgO.Te63.2H20).=«  These  compounds 
may  be  considered  acid  salts  of  orthotelluric  acid  of  the  types — 
(Na^H.TeOo),  (K.H,TeO«),  (Cs.H.TeOe.H^O),  (Ag2H,Te 
Oe).  (HgH.TeO,). 

Likewise  the  silver  salt  (  3AgoO.2TeO3.3H2O),-*'  which  accord- 
ing to  the  nomenclature  in  vogue  is  a  basic  salt,  may  be  consid- 
ered an  acid  salt  of  the  type  AgoHgTeOg. 

This  view  of  the  tellurates  finds  some  confirmation  in  the  ex- 
periments of  Gutbier  and  Mylius  on  the  molecular  weight  and 
electrical  conductivity  of  telluric  acid.  It  is  also  supported  by 
the  behavior  of  the  hydrous  tellurates  when  heated.  Gutbier" 
has  shown  that  the  alkali  tellurates  decompose  with  the  libera- 
tion of  oxygen  before  the  water  which  they  contain  is  entirely 
driven  ofif.  The  silver  salts  mentioned  do  not  give  up  all  of  their 
water  until  a  temperature  of  200°  is  reached.  Oxygen  is  evolved 
from  these  salts  at  a  temperature  only  a  few  degrees  above  this 
point. 

Some  of  the  crystalline  tellurates  contain  more  water  than  is 
required  to  make  them  derivatives  of  orthotelluric  acid ;  such 
salts  are  K^TeO.-sH.O--  and  HHgTe04.3H20."     These  com- 


"Amorphous,  Berzelins. 

"Crystalline,  new  salt. 

'•Amorphous,  new  salts. 

*'Berzelius. 

"Retgers,  Zeit.  f.  phys.  Chem.,  Vol.  10,  p.  536. 

'"Norris  and  Kingman,  Am.  Chem.  Jr.,  Vol.  26.  p.  320. 

"•New  salts. 

"Studien  iiber  das  Tellur..  p.  34. 

*^Berzelius. 

''New  salt 
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pounds  may  be  considered  acid  salts  containing  water  of  crystal- 
lization, thus.— KoH.TeOfi.sHoO  and  HgHsTeOg.H.O. 

Such  crystalHne  salts  as  CsHTeO,.>4H,0  and  RbHTeO^.^ 
H^O-*  would  have  to  be  considered  salts  of  a  higher  acid,  as 
H^Te.O,. 

Corresponding  to  the  type  M'oTeO^  a  large  number  of  anhy- 
drous tellurates  have  been  prepared  but  they  are  all  amorphous. 
These  salts  may  also  be  considered  metatellurates.  Their  rela- 
tion to  orthotelluric  acid  is  similar  to  that  which  the  metaborates 
bear  to  orthoboric  acid.  It  is  problematical  how  much  water 
these  salts  would  contain  were  it  possible  to  prepare  them  in  the 
crystalline  condition. 

In  addition  to  the  types  of  tellurates  enumerated  above  a  num- 
ber of  tellurates  corresponding  to  MoTe^O-  have  been  prepared. 
They  have  been  called  the  pyrotellurates.  Berzelius  also  de- 
scribed the  salts  Xa,0.4TeO,.5H,0  and  K,0.4Te03.4H20. 


METHODS  OF   ANALYSIS. 

Many  of  the  metals  may  be  precipitated  from  solutions  of  the 
tellurate  under  conditions  that  will  allow  all  of  the  tellurium  to 
remain  in  the  filtrate.  Thus  silver  was  determined  in  some  cases 
by  precipitation  as  chloride  from  a  solution  of  the  tellurate  in 
dilute  nitric  acid. 

In  the  analysis  of  the  tellurates  of  those  metals  where  chlorides 
are  not  volatile  below  a  red  heat  the  tellurium  has  been  volatil- 
ized as  TeO._,.2HCl  and  the  non-volatile  chloride  weighed.  This 
method  of  determining  the  metal  is  preferred  to  the  method  of 
precipitation  because  it  is  less  time-consuming;  there  are  fewer 
operations  required  for  the  analysis  and  less  opportunity  for  ex- 
perimental error.  In  cases  where  it  is  applicable,  that  is,  where 
the  chloride  of  the  m.etal  is  not  readily  volatile,  it  gives  at  once 
a  clean  separation  of  the  metal  from  telluric  acid.  Moreover  the 
tellurium  is  obtained  in  a  suitable  solution  for  precipitation  witli 
sulphur  dioxide. 


"Norris  and  King^man,  1.  c. 
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Professor  Lenher"^  has  shown  that  when  dry  hydrochloric  acid 
■gas  is  passed  over  a  tellurite  heated  to  a  temperature  somewhat 
IdcIow  redness  the  tellurium  is  completely  volatilized  as  TeOo. 
2HCI.  If  the  chloride  of  the  metal  is  not  volatile  it  remains  in 
the  boat.  He  has  employed  this  method  in  the  analysis  of  a 
number  of  the  tellurites.  The  method  has  been  found  to  work 
equally  well  for  the  analysis  of  salts  of  telluric  acid.  Following 
is  a  description  of  the  method  as  it  has  been  carried  out. 

A  sample  of  the  tellurate  to  be  analyzed  is  placed  in  a  porce- 
lian  boat  which  has  been  weighed.  The  boat  is  loosely  covered 
with  a  thin  glass  plate  and  introduced  into  a  hard  glass  tube. 
Hydrochloric  acid  gas  is  generated  by  allowing  concentrated 
liydrochloric  acid  to  drop  slowly  into  a  flask  containing  concen- 
trated sulphuric  acid.  In  this  manner  a  steady  stream  of  the 
■gas  is  provided.  The  gas  after  having  been  dried  by  sulphuric 
acid  is  passed  through  the  tube,  which  is  heated  to  a  dull  red  heat. 
The  hydrochloric  acid  decomposes  the  tellurate  with  the  forma- 
tion of  the  chloride  of  the  metal,  chlorine,  and  TeOo.2HCl  accord- 
ing to  the  following  equation  :  M,TeO,  +  6HC1  =  2MC\  +  2CI 
-j-  Te02.2HCl  -f-  2H2O.  The  tellurium  compound  sublimes  upon 
the  cold  part  of  the  tube  in  the  form  of  crystalline  flakes  leaving 
only  the  chloride  of  the  metal  in  the  boat.  The  boat  is  removed 
from  the  tube,  cooled  in  a  desiccator  and  weighed.  The  escaping 
hydrochloric  acid  gas  is  collected  in  a  receiver  containing  cold 
water.  The  tellurium  may  be  washed  from  the  tube  into  the 
receiver  with  hydrochloric  a:id  and  precipitated  with  sulphurous 
acid.     Tellurium  was   repeatedly   determined   by   this   method. 

The  method  which  Xorris  and  Kingman-'^'  used  in  the  analysis 
of  the  tellurates  was  largely  employed'  for  the  estimation  of  tel- 
lurium. This  method  depends  upon  the  fact  that  hot  aqueous 
hydrochloric  acid  completely  reduces  telluric  acid  to  tellurium 
tetrachloride  with  the  liberation  of  free  chlorine,  according  to  the 
following  equation  :  H.TeO,  -f  6HC1  =  CL  -f  TeCl,  +  4H2O. 
This  reaction  goes  on  only  slowly,  if  at  all.  in  the  cold.  The 
analvsis  is  carried  out  as  follows : 


"Unpublished  notes. 
*•!.  c. 
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The  sample  to  be  analyzed  is  placed  in  a  small  romid-bottomed 
flask  tog"ether  with  a  small  piece  of  magnesite.  About  fifty  cubic 
centimeters  of  concentrated  hydrochloric  acid  is  added.  The 
solution  is  heated  until  about  one-third  of  it  has  distilled  over, 
the  distillate  being-  collected  in  a  solution  of  potassium  iodide 
kept  cool  by  a  freezing  mixture.  The  liberated  iodine  is  titrated 
with  a  solution  of  sodium  thiosulphate. 

To  test  the  accuracy  of  this  method  a  weighed  amount  of  re- 
crystallized  telluric  acid  was  decomposed  by  hydrochloric  acid. 
The  chlorine  liberated  by  the  reaction  was  absorbed  by  a  solution 
of  potassium  iodide  and  the  liberated  iodine  titrated  with  a  solu- 
tion of  sodium  thiosulphate.  The  solution  of  sodium  thiosul- 
phate was  standardized  against  pure  iodine.  0.4465  grams  of 
telluric  acid  liberated  chlorine  equivalent  to  0.2482  grams  of  tel- 
lurium.    H,Te04.2H.O  requires  55.56%  Te :  found  55.59%." 

If  it  is  desired,  the  metal  may  be  determined  in  the  solution 
after  the  tellurate  has  been  reduced  and  the  chlorine  distilled. 
This  was  done  in  some  cases  where  the  amount  of  material  at 
hand  was  small. 

Tellurium  can  be  determined  in  telluric  acid  or  its  salts  much 
more  quickly  by  this  method  than  by  any  method  requiring  pre- 
cipitation of  elementary  tellurium.  The  entire  determination 
requires  less  than  one  hour.  Moreover  the  method  has  proven 
more  reliable  as  carried  out  in  this  work  than  precipitation  of 
elementary  tellurium  by   sulphur  dioxide. 


In  separating  mercury  from  telluric  acid  use  has  been  made 
of  the  fact  that  tellurium  sulphide  is  soluble  in  a  solution  of 
ammonium  sulphide.  The  tellurate  of  mercury  is  dissolved  in 
dilute  hydrochloric  acid.  Mercurous  compounds  are  oxidized  by 
chlorine  or  bromine  water.  If  the  acid  solution  is  saturated  with 
hydrogen  sulphide  in  the  cold  only  a  trace  of  telluric  acid  is  re- 
duced.^^     The  solution  of  telluric  acid  is  then  decanted  from  the 


"All  calculations  have  been  made  on  the  basis  of  Te  =  127.6. 
=»Brauner,  Jr.  Chem.  Soc,  Vol.  67,  p.  545. 
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precipitated  HgS.  The  precipitate  is  washed  by  decantation  with 
hydrogen  sulphide  water  to  free  it  from  telluric  acid,  and  then 
digested  with  ammonium  sulphide  to  remove  the  trace  of  tellu- 
rium precipitated  with  the  mercuric  sulphide. 

Instead  of  decanting  the  solution  of  telluric  acid  from  the  pre- 
cipitated mercuric  sulphide  it  may  be  made  strongly  ammoniacal 
and  saturated  with  hydrogen  sulphide.  Telluric  acid  is  reduced 
at  once  by  hydrogen  sulphide  in  alkaline  solution.  The  precipi- 
tate that  is  formed  dissolves  immediately  in  ammonium  sulphide 
forming  a  yellow  solution.  All  of  the  tellurium  will  now  be 
found  in  the  solution.  The  mercuric  sulphide  is  washed  with  a 
solution  of  ammonium  sulphide  and  hydrogen  sulphide  water, 
dried  at  no''  and  weighed. 


Water  was  determined  in  most  cases  by  heating  the  tellurate 
in  a  current  of  dry  air  and  collecting  the  water  in  sulphuric  acid. 
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THE  TELLURATES  OF  SILVER. 

NORMAL    SILVER   TELLURATE. 

Berzelius-*  describes  normal  silver  tellurate  (AgoTeO^)  as  a 
dark  yellow  precipitate.  He  states  that  he  obtained  this  com- 
pound in  the  form  of  bulky  flakes  by  adding  a  concentrated  solu- 
tion of  silver  nitrate  to  a  solution  of  normal  potassium  tellurate. 
If  the  precipitate  is  treated  with  boiling  water  it  is  converted  into 
a  brown  basic  silver  tellurate. 

Gutbier^"  states  that  it  is  hardly  possible  to  prepare  normal 
silver  tellurate  in  pure  condition  by  the  method  described  by  Ber- 
zelius.  According  to  Gutbier  the  precipitate  obtained  from  con- 
centrated solutions  of  silver  nitrate  and  potassium  tellurate  is 
always  contaminated  with  a  larger  or  smaller  amount  of  basic 
silver  tellurate. 

It  has  not  been  found  possible  to  prepare  normal  silver  tel- 
lurate (AgoTeO^)  in  pure  condition  by  precipitation  as  described 
by  Berzelius.  \\'hen  solutions  of  silver  nitrate  and  normal  potas- 
sium tellurate  are  brought  together,  the  precipitate  contains 
basic  silver  tellurate.  The  formation  of  a  basic  salt  may  be 
obviated  by  using  an  acid  tellurate  of  potassium,  for  example, 
KHTeO^.  in  place  of  the  normal  tellurate.  But  under  these  con- 
ditions the  precipitate  may  contain  an  excess  of  telluric  acid. 
Moreover  when  the  precipitate  is  washed  it  is  decomposed  form- 
ing a  basic  tellurate  of  silver. 

It  has  been  found  possible  to  prepare  well  crystallized  normal 
silver  tellurate.  Crystals  of  this  salt  are  not  rapidly  attacked  by 
cold  water  and  may  be  obtained  free  from  basic  salts. 

Silver  tellurate  has  been  obtained  by  the  following  methods : 
the  action  of  telluric  acid  upon  silver  oxide ;  the  double  decom- 
position of  a  soluble  silver  salt  with  a  soluble  tellurate  or  telluric 
acid ;  the  action  of  telluric  acid  upon  metallic  silver. 


"Pogg.  Ann.  d.  Phys.  u.  Chem.,  Vol.  32,  p.  577. 
=»Zeit.  f.  Anorg.  Chem.,  Vol.  31,  p.  340. 
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Action  of  Telluric  Acid  on  Oxide  of  Sih'cr. 

When  silver  oxide  is  treated  with  a  slight  excess  of  a  solution 
of  telluric  acid,  normal  silver  tellurate  is  formed  according  to  the 
equation  :  Ag.O  —  H2TeO,.2H20  =  Ag2TeO,.2H„0  +  H^O. 

The  silver  tellurate  obtained  by  this  method  has  quite  different 
physical  properties  from  the  yellow  precipitate  described  by  Ber- 
zelius  and  Gutbier.  It  is  a  heavy  granular  powder  nearly  white 
in  color.  It  has  the  composition  Ag2Te04.2H20.  It  is  much 
more  stable  in  the  presence  of  water  than  the  yellow  precipitate 
hitherto  described.  When  the  powder  is  heated  to  ioo°  it  loses 
a  part  of  its  water  and  assumes  a  brown  color :  but  it  does  not 
give  up  all  of  its  water  until  a  much  higher  temperature  is 
reached.  It  is  soluble  in  ammonium  hydrate,  sodium  thiosul- 
phate,  and  the  acids.  The  white  powder  reacts  with  silver  oxide 
suspended  in  hot  water  to  form  a  brown  basic  tellurate  of  silver. 

If  a  solution  of  Ag2Te04.2H20  in  acetic  or  nitric  acid  is  evap- 
orated to  dryness  /;/  vacuo  telluric  acid  and  silver  acetate  or 
nitrate  are  formed.  V\'hen  the  salt  is  strongly  compressed  be- 
tween steel  rolls  it  detonates  and  assumes  a  brown  color.  The 
same  property  is  possessed  by  the  tellurates  of  mercury.  This 
work  will  be  continued  later. 

For  analysis  the  salt  was  dried  over  sulphuric  acid  and  dis- 
solved in  dilute  nitric  acid.  The  silver  was  precipitated  from 
the  solution  by  dilute  hydrochloric  acid.  The  filtrate  was  evap- 
orated with  an  excess  of  hydrochloric  acid  to  free  it  from  nitric 
acid.  The  tellurium  was  precipitated  in  the  hydrochloric  acid 
solution  by  sulphurous  acid. 

Analysis  gave  the  following  results : 

0.9597  grams  gave  0.6172  grams  AgCl  and  o.2^/^•^  grams  Te, 

0.9051  grams  gave  0.0724  grams  HoO. 

Ag  Te  H,0 

Calculated   for  AgoTeO,.2H,0  —  48.68%     28.77%     8-ii% 

Found  48.40%     28.06%     7-99% 
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Crystalline  AgSc0^.2H,0. 

It  has  been  found  possible  to  obtain  crystals  of  normal  silver 
tellurate  by  slowly  evaporating  a  solution  made  by  bringing  to- 
gether dilute  solutions  of  telluric  acid  and  silver  acetate  contain- 
ing free  acetic  acid.  The  dilute  acetic  acid  holds  the  tellurate  of 
silver  in  solution  and  allows  it  to  crystallize  as  the  solution  is 
evaporated.  The  acetic  acid  solution  must  be  quite  dilute,  as  a 
strong  solution  of  the  acid  prevents  the  formation  of  silver  tellu- 
rate. 

When  solutions  of  silver  acetate  and  telluric  acid  of  moderate 
concentration  are  brought  together  a  lemon  yellow  precipitate  is 
formed.  The  precipitate  closely  approximates  Ag2Te04  in  com- 
position. When  a  solution  of  silver  acetate  containing  2.0  grams 
of  silver  acetate  and  a  few  drops  of  free  acetic  acid  per  liter,  is 
mixed  with  an  equal  volume  of  a  solution  of  telluric  acid  con- 
taining 1.4  grams  of  the  acid  per  liter,  no  precipitate  is  formed. 
When  such  a  solution  is  allowed  to  evaporate  in  the  dark  at  room 
temperature  yellow  crystals  of  Ag.TeO4.2H2O  are  formed.  The 
free  telluric  acid  in  the  solution  prevents  the  decomposition  of  the 
normal  salt  by  the  water.  Only  snmll  amounts  of  the  salt  have 
been  prepared  in  this  manner.  Larger  quantities  of  the  salt  are 
more  conveniently  prepared  in  the  following  manner: 

Upon  adding  an  excess  of  a  solution  of  silver  nitrate  to  a  con- 
centrated solution  of  potassium  tellurate  containing  a  little  free 
acetic  acid  a,  yellow  or  brown  precipitate  is  formed.  Analysis 
showed  that  this  precipitate  approximates  normal  silver  tellurate 
in  composition.  Its  exact  composition  depends  largely  on  the 
concentration  of  the  solution.  It  was  observed  that  when  such 
a  solution  is  allowed  to  remain  in  contact  with  the  precipitate  for 
a  few  hours  a  heavy  yellow  salt  separates  at  the  bottom  of  the 
beaker.  The  salt  is  composed  of  distinct  crystals  of  a  straw  yel- 
low color.  As  the  crystals  have  a  much  higher  specific  gravity 
than  the  amorphous  precipitate,  they  can  easily  be  separated  from 
it  by  elutriation.  If  the  precipitate  is  allowed  to  remain  in  the 
mother  liquor  for  several  days,  red  crystals  of  a  basic  silver  tel- 
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{urate   will  usually  be  found  among  the  yellow  crystals  of  the 
normal  salt. 

Analysis  of  the  yellow  crystals  g"ave  the  following  results : 

0.7638  grams  gave  0.0605  grams  HoO. 

0.4847  grams  gave  0.31 17  grams  AgCl. 

0.4980  grams  when  heated  with  hydrochloric  acid  gave  suf- 
ficient chlorine  gas  to  liberate  0.2828  grams  of  iodine  from  potas- 
sium iodide. 

HoO  Ag  Te 

Calculated  for  Ag,TeO,.2H,0      8.11%     48.68%     28.77% 

Found  7.92%     48.41%     28.57% 

In  this  analysis  the  silver  was  precipitated  with  hydrochloric 
acid  from  a  dilute  nitric  acid  solution  of  the  salt. 

Silver  acetate  or  sulphate  may  be  used  instead  of  silver  nitrate 
for  the  preparation  of  the  salt  by  double  decomposition  with 
potassium  tellurate  and  subsequent  change  of  the  amorphous  pre- 
cipitate to  the  crystalline  salt.  Likewise  the  free  acetic  acid  may 
be  replaced  by  nitric  acid,  or  the  acid  may  be  omitted  altogether. 
The  salt  crystallizes  much  better,  however,  when  the  solution 
contains  free  acid. 

Ag2Te04.2H20  crystallizes  in'  the  orthorhombic  system.  The 
crystals  resemble  those  of  sulphur  both  in  the  forms  that  occur 
and  in  the  axial  ratios.  They  are  insoluble  in  hot  or  cold  water 
but  soluble  in  ammonia,  potassium  cyanide,  sodium  thiosulphate, 
and  nitric,  acetic  and  sulphuric  acids.  Concentrated  nitric,  acetic, 
or  sulphuric  acids  completely  decompose  silver  tellurate,  givmg 
free  telluric  acid  and  the  corresponding  silver  salt. 

When  crystals  of  the  normal  salt  are  allowed  to  remain  for 
some  time  in  contact  with  a  cold  solution  of  a  silver  salt,  red  crys- 
tals of  the  basic  tellurate  3AgoO.2TeO3.3H2O  are  formed.  The 
change  is  much  more  rapid  in  a  ten  per  cent  solution  of  silver 
nitrate  at  a  temperature  of  50°  than  in  the  cold.  It  takes  place 
very  slowly  even  in  cold  water. 

Crystals  of  Ag2Te04.2H20  darken  slowly  when  exposed  to 
the  light.  When  the  powdered  cr}-stals  are  compressed  between 
steel  rolls  they  detonate.  When  heated  above  100°  the  crystals 
lose  water  and  take  on  a  brilliant  purplish  black  lustre.  They 
maintain  this  lustre  until  a  temperature  of  about  200°  is  reached. 
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As  the  temperature  is  raised  still  higher  oxygen  is  evolved,  the 
mass  assumes  a  gray  brown  color  and  fuses.  If  the  mass  is  al- 
lowed to  cool  as  soon  as  it  fuses,  it  becomes  black  and  crystalline, 
but  if  it  is  heated  to  bright  redness  it  is  completely  changed  to 
silver  tellurite,  which  is  white  when  cold. 

The  crystalline  normal  salt  may  be  prepared  entirely  free  from 
basic  silver  tellurate  by  allowing  the  precipitate  obtained  by  mix- 
ing solutions  of  silver  nitrate  and  acid  potassium  tellurate  to  re- 
main in  the  mother  liquor  until  it  assumes  the  crystalline  form. 

Ag2TeO,.2HoO 

Orthorhombic.   Axes — a  :b  :c  =  o.722  :i  :2.io7."^ 

pp"',  III  :  iTi  =  I II °  26'. 

pp',  III  :Tii=  -jf  25'. 

cp,  GOT  : III  =  105°  40'. 

en,  001  :oii  =  115°  29', 

cs,  001  :  113=  103°  02'. 


s'The  author  is   indebted   to  Professor   Hobbs  for  bis   kindly   advice   in    that 
part  of  this  work  which  deals  with  the  crystallography  of  the  tellurates. 
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The  crystals  that  were  used  for  measurement  were  obtained  by 
double  decomposition  of  solutions  of  silver  nitrate  and  potas- 
sium tellurate  containing-  a  little  free  acetic  or  nitric  acid.  The 
amorphous  precipitate  that  formed  on  mixing  the  solutions 
slowly  dissolved  in  the  free  acid,  while  at  the  same  time  crystals 
of  AgoTe04.2H20  were  formed  upon  the  walls  of  the  containing 
vessel. 

In  order  to  determine  whether  silver  sulphate  and  silver  tel- 
lurate are  isomorphous,  crystals  of  Ag'oTe04.2H20  were  intro- 
duced into  a  saturated  solution  of  silver  sulphate  and  the  solution 
allowed  to  evaporate.  Silver  sulphate  crystallized  out  of  the 
solution  entirely  independent  of  the  silver  tellurate.  Silver  sul- 
phate (Ag2S04)  and  silver  tellurate  (AgoTeO^.zH^O)  are  there- 
fore not  isomorphous.  It  may  be  stated  that  the  tellurate  of  sil- 
ver was  decomposed  by  the  solution  to  some  extent,  a  few  red 
crystals  of  a  basic  tellurate  being  formed. 

The  sulphate  and  selenate  of  silver  are  isomorphous,  their 
axial  ratios  being  as  follows : 

Silver   sulphate  a  :b  :c=:o.57i2  :  i  :  1.238 

Silver   selenate  a  :b  :c=ro.5945  :i  :  1.256 

However,  these  salts  cannot  properly  be  compared  with  the 
tellurate  of  silver  since  they  are  anhydrous,  while  silver  telh:rate 
contains  two  molecules  of  water. 


In  addition  to  the  tellurate  of  silver  described  by  Berzelius  Op- 
penheim^-  describes  a  crystalline  precipitate,  which  he  obtained 
in  small  quantity  by  adding  a  saturated  solution  of  telluric  acid 
to  a  concentrated  solution  of  silver  nitrate.  He  states  that  it  dif- 
fers from  any  tellurate  of  silver  obained  by  Berzelius  in  that  it  is 
crystalline  and  colorless.  When  exposed  to  the  air  it  assumed 
a  yellow  color,  according  to  Oppenheim.  He  states  that  he  did 
not  make  a  quantitative  analysis  of  the  substance  but  concluded 
that  it  was  a  double  compound  of  silver  tellurate  and  nitrate, 
since  he  found  that  it  contained  nitric  and  telluric  acids  together 
with  silver. 


'Jr.  pr.  Chem.,  Vol.  71,  p.  266. 
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Gutbier^^  attempted  to  prepare  the  crystalline  compound  de- 
scribed by  Oppenheim.  When  a  concentrated  solution  of  telluric 
acid  is  added  to  a  concentrated  solution  of  silver  nitrate  a  red 
brown  or  yellow  precipitate  is  formed.  This  precipitate  is  the 
only  product  that  Gutbier  obtained  from  such  solutions. 

When  a  solution  of  silver  nitrate  is  added  to  a  dilute  solution 
of  telluric  acid  no  precipitate  is  formed.  But  if  the  solutions 
are  sufficiently  concentrated  and  an  excess  of  telluric  acid  added, 
a  yellow  flocculent  precipitate  is  formed  in  small  quantity.  If 
the  solution  and  precipitate  are  allowed  to  remain  together  in  a 
dark  place  at  room  temperature  for  a  few  hours  the  amorphous 
precipitate  changes  to  straw  yellow  crystals  of  AgoTe04.2H20. 
This  is  the  crystalline  compound  that  Oppenheim  obtained.  Un- 
der the  conditions  of  the  experiment  the  crystals  might  easily  be 
contaminated  by  silver  nitrate. 

r 
ACID  TELLURATES  OF  SILVER. 

Berzelius  states  that  concentrated  solutions  of  KHTeO^  and 
KoTe^Ois  react  with  concentrated  solutions  of  silver  nitrate  to 
form  the  corresponding  tellurate  of  silver.  If  the  solution  con- 
taining the  precipitate  is  evaporated  to  dryness,  a  white  earthy 
residue  remains.  Berzelius  states  that  the  acid  tellurates  are 
transformed  to  a  brown  basic  tellurate  of  silver  in  dilute  solutions. 

Attempts  were  made  to  prepare  the  acid  tellurate  of  silver  de- 
scribed by  Berzelius.  It  was  not  found  possible  to  obtain  pre- 
cipitates having  either  the  composition  AgHTeO^  or  Ag^Te^O^g. 
The  precipitates  obtained  in  the  manner  described  by  Berzelius 
contain  more  telluric  acid  than  is  required  by  normal  silver  tel- 
lurate (Ag.iTeO^).  but  upon  remaining  in  the  mother  liquor  for 
some  hours  they  are  largely  transformed  to  crystalline  Ag.,Te04. 
2H._;0.  It  would  hardly  be  expected  that  a  solution  of  KHTeO^ 
would  yield  AgHTeO^  with  silver  nitrate,  when  it  is  known  that 
telluric  acid  and  silver  nitrate  give  the  crystalline  normal  tellurate. 

When  concentrated  solutions  of  KHTeO^  and  silver  nitrate  are 
brought  together  a  bright    yellow  precipitate    is    formed.     The 

«I.  c. 
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lemon  }ello\v  color  of  the  amorphous  precipitate  is  permanent, 
there  being  no  tendency  to  form  a  brown  basic  tellurate  in  the 
medium  present.  Analysis  of  the  precipitate  obtained  in  this 
manner  showed  that  it  contained  46.6%  silver  and  32.9%  tel- 
lurium. The  ratio  between  the  silver  and  telluric  acid  in  the  pre- 
cipitate lies  between  those  required  by  the  formulae  AgjTeO^  and 
AgHTeO^.  Some  of  the  precipitate  was  allowed  to  remain  in 
the  mother  liquor  for  forty-eight  hours.  At  the  end  of  that  time 
a  large  part  of  it  had  been  converted  into  crystalline  normal  sil- 
ver tellurate. 

When  a  concentrated  sokition  of  silver  nitrate  is  added  to  a 
solution  of  acid  potassium  tellurate  made  by  dissolving  potas- 
sium hydrate  and  telluric  acid  together  in  the  proportions  re- 
quired by  the  formula  K^Te^Oj^  a  bright  yellow  precipitate  is 
formed.  \\'hcn  left  in  contact  with  the  mother  liquor  for  some 
time  the  precipitate  is  largely  changed  to  crystalline  Ag2Te40. 
2H,0. 

Analysis  of  the  crystalline  salt  obtained  in  this  manner  gave 
the  following  results : 

0.4006  grams  gave  0.0329  grams  H2O  and  0.2571  grams  AgCL 

0.5384  grams  with  HCl  liberated  chlorine  equivalent  to  0.1555 
grams  Te. 

Found  H,0,  8.21%;  Te,  28.88%;  Ag,  48.31%. 

The  silver  tellurate  prepared  in  this  manner  is  not  well  crys- 
tallized. This  is  due  to  the  fact  that  the  precipitate  is  only 
slightly  soluble  in  the  mother  liquor.  The  crystals  darken  only 
very  slowly  in  direct  sunlight. 

When  solutions  of  HKTeO^  and  silver  nitrate  are  brought 
together  in  equimolecular  proportions  and  the  whole  evaporated 
to  dryness  a  white  residue  remains.  Analysis  of  the  residue  ob- 
tained in  this  manner  and  washed  with  a  little  hot  w^ater  shows 
that  it  contains  telluric  acid  in  excess  of  that  required  by  normal 
silver  tellurate.  The  residue  also  contains  potassium.  It  is  not 
possible  to  determine  how  much  of  the  telluric  acid  is  combined 
with  the  potassium,  or  how  much  of  it  is  in  the  form  of  the  free 
acid.  Consequently  no  conclusion  can  be  reached  as  to  the  exact 
composition  of  the  silver  tellurate  in  the  residue.     It  is  not  feas- 
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ible  to  wash  it  thoroughly  because  of  the  decomposition  that  sil- 
ver tellurate  undergoes  in  the  presence  of  water. 

AMien  crystals  of  normal  or  basic  silver  tellurate  are  boiled  with 
a  concentrated  solution  of  telluric  acid,  a  bright  yellow  amorphous 
precipitate  is  formed  which  is  similar  to  the  one  obtained  from 
solutions  of  acid  potassium  tellurate  and  silver  nitrate. 

BASIC    SILVER   TKLLURATES. 

Berzelius'*  describes  two  basic  tellurates  of  silver,  3Ag20. 
2Te03  and  3Ag20.Te03,  both  of  which  were  obtained  as  brown 
precipitates.  He  states  that  boiling  water  decomposes  the  nor- 
mal tellurate  of  silver  into  3Ago0.2Te03  and  telluric  acid. 

\Mien  a  dilute  solution  of  silver  nitrate  is  added  to  a  dilute 
solution  of  potassium  tellurate,  the  dark  yellow  precipitate  which 
is  first  formed  quickly  assumes  a  dark  brown  color.  Berzelius 
found  this  dark  brown  precipitate  to  be  3'Ag._>O.Te03.  He  also 
prepared  this  compound  by  adding  an  ammonical  solution  of  sil- 
ver nitrate  to  a  solution  of  normal  silver  tellurate  in  ammonia 
and  evaporating  the  solution.  The  basic  tellurate  separates  from 
the  solutions  as  a  brown  black  precipitate. 

Gutbier-"  states  that  the  precipitate  formed  by  the  action  of 
silver  nitrate  on  potassium  tellurate  may  be  completely  changed 
to  3Ag20.Te03  by  long  continued  washing  with  cold  water.  He 
states  that  when  the  precipitate  is  washed  with  hot  water  the  final 
product  is  3Ag20.2Te03.  According  to  Gutbier  this  salt  may 
be  prepared  by  bringing  together  hot  dilute  solutions  of  silver 
nitrate  and  potassium  tellurate. 

3Ag.0.2TeO.,.3H.O. 

In  addition  to  the  brown  precipitates  of  3Ag20.2Te03  and 
3Ag20.TeO,  already  described,  a  crystalline  tellurate  of  silver 
having  the  composition  3Ag2O.2TeO3.3H2O  was  prepared  dur- 
ing the  progress  of  this  work.     When  the  precipitate  obtained  by 


"1.  c. 

MI.  c. 
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the  double  decomposition  of  moderately  dilute  solutions  of  sil- 
ver nitrate  and  potassium  tellurate  assumes  the  crystalline  con- 
dition, both  yellow  crystals  of  AgoTeOi.2HoO  and  red  crystals 
of  3Ag2O.2TeO3.3H2O  are  formed.  The  relative  amounts  of 
these  salts  obtained  depends  largely  upon  the  temperature  of  the 
solutions  and  their  concentration.  \Mien  the  solutions  are  cold 
and  concentrated  but  little  of  the  basic  salt  is  formed.  On  the 
other  hand,  if  the  solutions  are  very  dilute  and  warm,  it  is  pos- 
sible to  obtain  the  crystalline  basic  tellurate  free  from  the  nor- 
mal salt. 

Analysis  of  the  red  crystals  gave  the  following  results : 
0.2812  grams  gave  0.0653  grams  Te 
0.3763  grams  gave  0.2917  grams  AgCl 
1.6094  grams  gave  0.0797  grams  H^O 

Te  Ag         H.O 

Calculated  for  3Ag2O.2TeO3.3H2O  23.18%    58.83%    4.90%© 
Found  23.22%    58.35%    4.95%^ 

3Ag2O.2TeO3.3H2O  crystallizes  in  ruby  red.  transparent  crys- 
tals l^elonging  to  the  monoclinic  system.  The  crystals  remain 
unchanged  in  cold  water.  They  are  gradually  decomposed  by 
boiling  water  with  the  formation  of  a  brown  residue,  probably 
3Ag20.Te03.  When  boiled  with  an  excess  of  a  concentrated 
solution  of  telluric  acid  a  bright  yellow  amorphous  precipitate  re- 
sults which  probably  contains  silver  bi-tellurate  (AgHTeOi). 
rhe  crystals  are  soluble  in  the  same  reagents  that  dissolve  nor- 
mal silver  tellurate.  In  the  sunlight  the  crystals  become  opaque 
and  assume  a  copper  color,  ^^'hen  heated  above  110°  they  lose 
water  and  become  black,  but  all  of  the  water  is  not  given  up  until 
a  temperature  of  about  200°  is  reached. 

Just  as  it  is  possible  to  obtain  crystals  of  hydrous  normal  sil- 
ver tellurate  by  evaporation  of  solutions  of  silver  tellurate  under 
proper  conditions,  so  it  is  possible  by  varying  the  conditions  to 
obtain  crystals  of  3Ag2O.2TeO3.3H2O  directly  from  clear  solu- 
tions. If  a  dilute  solution  of  potassium  tellurate  is  added  to  a 
large  excess  of  silver  nitrate  containing  a  little  free  nitric  acid, 
"the  solution  filtered  and  allowed  to  evaporate  at  room  tempera- 
ture, red  crA'stals  of  the  basic  salt  are  formed.  The  formation  of 
crystals  when  the  solution  is  evaporated  is  made  possible  by  the 
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fact  that  the  dilute  nitric  acid  is  saturated  with  silver  tellurate 
dissolved  from  the  amorphous  precipitate.  If  the  solution  con- 
tains much  nitric  acid  the  silver  tellurate  is  entirely  decomposed 
with  the  formation  of  silver  nitrate  and  telluric  acid  so  that  no 
crystals  of  the  tellurate  of  silver  appear  when  the  solution  is  evap- 
orated. Consequently  a  large  volume  of  solution  is  necessary  in 
order  to  obtain  a  small  amount  of  the  crystalline  salt.  Crystals 
of  3Ag2O.2TeO3.3HoO  have  been  repeatedly  obtained  in  this 
manner,  but  only  in  small  quantities. 

Larger  quantities  of  the  salt  have  been  prepared  by  double  de- 
composition of  solutions  of  silver  nitrate  and  potassium  tellurate 
and  subsequent  change  of  the  amorphous  precipitate  thus  obtained 
into  the  crystalline  salt.  If  the  solution  contains  no  free  acid  the 
crystals  form  only  in  contact  with  the  amorphous  precipitate,  since 
silver  tellurate  is  insoluble  in  water.  If,  however,  the  solution 
contains  a  little  free  nitric  or  acetic  acid,  red  crystals  of  3Ag20. 
2Te03.3H20  frequently  form  on  the  walls  of  the  containing  ves- 
sel. By  working  with  dilute  solutions  at  temperatures  from  15° 
to  50°  and  using  a  large  excess  of  silver  nitrate,  it  has  been 
found  possible  to  obtain  the  red  crystalline  salt  entirely  free  from 
yellow  crystals  of  the  normal  salt.  In  most  cases,  however,  more 
or  less  of  the  normal  salt  was  formed.  Both  of  the  salts  appear 
in  distinct  crystals.  Their  colors  are  so  different  that  it  is  easy 
to  ascertain  when  one  salt  contaminates  the  other  and  to  remove 
it  mechanically  if  it  is  present  in  small  amount. 
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3Ag,0.2Te03.3H,0. 
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SAg.O.TeO,. 

Silver  orthotellurate  (3Ag.O.Te03)  has  not  been  obtained  in 
the  crystaUine  form.  It  is  known  only  in  the  form  of  the  brown 
amorphous  precipitate  described  by  Berzelius.  The  salt,  some- 
what contaminated  by  3Ag^O.Te03,  was  obtained  by  adding  a 
hot  dilute  solution  of  potassium  tellurate  to  a  solution  of  silver 
nitrate  containing  free  nitric  acid.  Analysis  of  the  precipitate, 
which  had  been  thoroughly  washed  with  hot  water  and  dried  over 
sulphuric  acid,  gave  72.9%  silver.  3Ag20.Te03  requires  74.3% 
silver. 

The  filtrate  was  allowed  to  evaporate  at  room  temperature. 
Crystals  of  3Ag2O.2TeO3.3H2O  formed  in  the  solution. 


1.  The  precipitate  obtained  by  double  decomposition  of  a  silver 
salt  with  telluric  acid  or  a  soluble  tellurate,  may  vary  in  compo- 
sition from  a  mixture  containing  more  telluric  acid  than  AgjTeOi 
to  3Ag20.Te03,  depending  upon  the  conditions  in  the  medium. 

2.  It  has  not  been  found  possible  to  obtain  the  acid  tellurates 
-of  silver,  AgHTe04  and  Ago0.4Te03  described  by  Berzelius. 

3.  Silver  forms  two  crystalline  tellurates — Ag2Te04.2H20, 
which  appears  as  yellow  crystals  belonging  to  the  orthorhombic 
system,  and  3Ag2O.2TeO3.3HoO,  whose  crystals  are  red  and  be- 
long to  the  monoclinic  system. 

4.  The  crystalline  compound  that  Oppenheim  described  as  a 
double  salt  of  silver  tellurate  and  silver  nitrate,  is  Ag2Te04.2H20. 

5.  No  sulphates  or  selenates  of  silver  have  been  prepared  that 
are  analogous  to  the  crystalline  tellurates  of  silver. 
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THE  TELLURATES  OF  POTASSIUM. 

NORMAL   POTASSIUM    TELLURATE. 

Berzelius"'^  states  that  normal  potassium  telkirate  can  be  pre- 
pared by  treating-  potassium  carbonate  with  telluric  acid.  These 
compounds  were  dissolved  together  in  equimolecular  quantities 
and  the  solution  evaporated  to  dr}-ness.  The  residue  was  dis- 
solved in  water  and  the  solution  evaporated  in  vacuo  over  sul- 
phuric acid  until  a  crystalline  crust  formed.  According  to 
Berzelius  this  crust  consisted  of  normal  potassium  tellurate.  If 
the  solution  is  evaporated  at  a  moderate  temperature  a  gummy 
mass  is  deposited. 

Gutbier-^'  states  tliat  he  was  not  able  to  obtain  nomial  potas- 
sium tellurate  by  this  method. 

Experimients  were  undertaken  to  ascertain  whether  normal 
potassium  tellurate  could  be  obtained  by  this  method.  It  was 
found  that  solutions  made  by  dissolving  equivalent  quantities  of 
potassium  carbonate  and  telluric  acid  in  water  always  yield  a 
gummy  mass  when  they  are  evaporated  in  vacuo. 

Potassium  tellurate  crystallizes  from  its  solutions  if  they  are 
allowed  to  evaporate  very  slowdy.  This  separation  of  the  crystal- 
line salt  is  aided  by  the  addition  of  a  few  crystals  of  the  salt. 
When  solutions,  made  according  to  the  directions  of  Berzelius, 
are  evaporated  in  this  manner  no  crystals  are  formed.  The 
gummy  mass  even  separates  around  the  crystals  of  K2Te04.5H20, 
introduced  into  the  solution.  This  pasty  mass  evolves  carbon 
dioxide  when  treated  with  hydrochloric  acid.  The  same  result 
is  obtained  if  the  solution  is  cooled  to  zero  instead  of  evaporated. 

That  all  of  the  carbon  dioxide  appearing  in  the  gummy  mass 
had  not  been  absorbed  from  the  air  is  shown  by  the  following  ex- 
periment:  1.42  grams  of  anhydrous  potassium  carbonate  and 
2.37  grams  of  telluric  acid  were  dissolved  in  a  little  water.  The 
solution  was  at  once    evaporated    to  dryness   over   a  free  flame. 


*«Pogg.  Ann.,  Vol.  32,  p.  579. 

"Zeit.  f.  anorg.  Chem.,  Vol.  31,  p.  340. 
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The  residue  copiously  evolved  carbon  dioxide  when  treated  with 
hydrochloric  acid.  It  is  evident  that  telluric  acid  cannot  replace 
all  of  the  carbonic  acid  in  an  equimolecular  quantity  of  potas- 
sium carbonate.  This  fact  is  in  harmony  with  the  fact,  observed 
by  Berzelius,  that  carbon  dioxide  reacts  on  normal  potassium 
tellurate  to  form  acid  potassium  tellurate,  KHTeO^,  and  potas- 
sium carbonate. 

No  carbon  dioxide  is  evolved  when  saturated  solutions  of  acid 
potassium  tellurate  (KHTeOi)  ^^^  potassium  carbonate  are 
brought  together  at  95°  in  the  proportion  of  two  molecules  of 
the  acid  tellurate  to  one  of  the  carbonate.  KHTeO^  is  more  sol- 
luble  in  a  solution  of  potassium  carbonate  than  in  water. 


KJ'cO,.5H,0. 

Berzelius^®  prepared  crystalline  KoTeO^-SHoO  from  concen- 
trated solutions  of  potassium  hydrate  and  telluric  acid  in  the  fol- 
lowing manner:  A  solution  of  potassium  hydrate  was  added  to 
a  solution  of  telluric  acid  until  a  permanent  precipitate  formed, 
indicating  the  presence  of  an  excess  of  the  alkali.  The  gummy 
precipitate  was  dissolved  by  warming  the  solution.  Crystals  of 
K2Te04.5H20  separated  from  the  solution  upon  cooling  it  to 
zero.  The  salt  is  decomposed  by  carbon  dioxide  with  the  for- 
mation of  KHTe04  and  potassium  carbonate. 

Gutbier^''  obtained  K.TeO^.sH.O  in  the  form  of  long  slender 
needles  by  employing  the  method  of  preparation  used  by  Berze- 
lius. Gutbier  states  that  it  is  very  difficult  to  obtain  the  salt  free 
from  adhering  alkali  since  it  cannot  be  recrystallized  without  add- 
ing free  alkali  to  the  solution  of  the  salt. 

Retgers*"  describes  a  second  crystalline  tellurate  of  potassium 
(KoTe04.2H20)  which  he  prepared  by  dissolving  telluric  acid 
in  a  concentrated  boiling  solution  of  potassium  hydroxide  and  al- 
lowing the  solution  to  cool  slowly.  He  states  that  crystals  of 
K2Te04.2HoO  are  isomorphous  with  those  of  K2OSO4.2H2O. 


»!.  c. 

'01.   c. 

♦"Zeit.  f.  pLys.  Chem.,  Vol.  10,  p.  536. 
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Gutbier*^  also  prepared  K.-,Te0^.2ll.^0  by  dissolving  telluric 
acid  in  hot  concentrated  potassium  hydroxide  and  cooling  the  so- 
lution.    He  found  the  salt  to  be  isomorphous  with  K0OSO4.2H2O. 

Xandl  and  von  Lang*-  describe  crystalline  anhydrous  potas- 
sium tellurate  (KoTeO^)  which  they  found  to  be  isomorphous 
with  potassium  sulphate.  Gutbier.  Rammelsberg.  Staudenmaier, 
and  Retgers  have  been  unable  to  prepare  the  anhydrous  crystal- 
line tellurate.*' 

KoTe04.5H20  may  be  obtained  in  the  form  of  crystals  by  slow 
evaporation  of  solutions  of  the  salt  at  room  temperatures.  When- 
ever solutions  of  potassium  tellurate  are  allowed  to  evaporate  in 
vacuo  over  sulphuric  acid  they  solidify  to  a  gtmimy  mass  which 
does  not  become  crystalline  until  it  is  dry.  In  order  to  bring 
about  slower  evaporation  of  the  solution  the  loosely  covered  dish 
containing  the  solution  may  be  placed  in  a  desiccator  over  sul- 
phuric acid.  The  desiccator  should  be  filled  with  air  freed  from 
carbon  dioxide  to  prevent  the  formation  of  potassium  carbonate 
and  acid  potassium  tellurate.  Potassium  tellurate  has  been  re- 
peatedly crystallized  from  its  solutions  in  this  manner.  The  solu- 
tion may  be  concentrated  rapidly  until  its  specific  gravity  is 
about  1.2  and  then  crystallized  by  slow  evaporation.  The  fact 
that  potassium  tellurate  is  very  soluble  renders  it  somewhat  dif- 
ficult to  obtain  a  nicely  crystallized  product.  Frequently  the 
crystals  form  radiating  clusters  but  in  other  cases  the  crystals  are 
distinct.  Solutions  of  potassium  tellurate  that  have  become 
supersaturated  can  frequentl}-  be  made  to  crystallize  by  adding  a 
few  crystals  of  KoTeC)4.5H20  and  preventing  further  evaporation 
by  closely  covering  the  solution.  Even  under  these  conditions 
crystallization  proceeds  slowly. 

.  Crystals  of  K„Te04.5H20  may  be  obtained  by  slow  evapora- 
tion of  the  solution  resulting  from  the  double  decomposition  of 
equivalent  quantities  of  normal  silver  tellurate  and  potassium 
bromide  solution.  This  may  be  readily  accomplished  in  the  fol- 
lowing manner.     The  potassium  bromide  and  silver  tellurate  are 


*"!.  c. 

«Wiener  Akad.    Ber.,  Vol.  43.  p.   117. 

*^  Gutbier,  Studien  (iber  das  TeUur.,  p.   36. 
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thoroughly  ground  together,  treated  with  a  Httle  warm  water  and 
again  triturated.  After  standing  for  some  time  in  an  atmosphere 
free  from  carbon  dioxide  the  sokition  is  filtered  and  crystallized 
in  the  manner  described  above. 

Analysis  of  crystals  obtained  in  this  manner  gave  the  follow- 
ing results : 

0.9742  grams  gave  0.2420  grams  HoO. 
0.9742  grams  gave  0.4010  grams  KCl. 

0.2839  grams  with  hydrochloric  acid  liberated  chlorine  equiv- 
alent to  o.iooi  grams  Te. 

Calculated  for  K.TeO^.sHaO  Found 

H2O  25.01  24.84 

K  21.76  21.60 

Te  35.45  35.26 

Crystals  of  K2Te04.5H20  are  soft  and  crumble  under  a  slight 
pressure.  Solutions  of  the  salt  are  alkaline  to  litmus  and  attack 
glass. 

Solutions  of  potassium  tellurate  containing  two  molecules  of 
free  potassium  hydroxide  to  one  of  the  tellurate  yield  crystals  of 
K2Te04.5HoO  when  evaporated  slowly.  The  yield  is  small  on 
account  of  the  free  alkali  in  the  solution.  Solutions  of  this  kind 
were  evaporated  in  order  to  ascertain  whether  potassium  tellurate 
would  crystallize  with  two  or  five  molecules  of  water  under  these 
conditions. 

Crystals  that  had  been  washed  with  water  and  dried  with  filter 
paper  gave  the  following  results  upon  analysis : 
1. 1936  grams  gave  0.3000  grams  HoO. 
1. 1936  grams  gave  0.4916  grams  KCl. 

0.6443  grams  with  hydrochloric  acid  liberated  chlorine  equiv- 
alent to  0.2306  grams  Te. 

Calculated  for  KoTeO,.5H20  Found 

H2O  25.01  25.15 

K  21.75  21.63 

Te  3545  3579 
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K.^e0^.2H.O. 

This  salt  was  obtained  in  the  form  of  distinct  crystals  by  dis- 
solving telluric  acid  in  a  hot  concentrated  solution  of  potassium 
hydrate  and  allowing  the  solution  to  cool.  The  yield  was  very 
small. 

.\nalysis  of  the  salt  after  having  been  washed  with  water  at 
zero  and  dried  for  a  day  over  calcium  chloride  gave  the  follow- 
ing result : 

1.4806  grams  gave  0.1767  grams  of  water. 
Calculated  for  KoTe04.2HoO  11.47 

Found  11-93 

When  the  solution  of  potassium  hydrate,  from  which  the  crys- 
tals of  KoTe04.2HoO  had  been  removed,  was  diluted  a  copious 
amount  of  KoTe04.5HoO  separated  as  small  crystals.  This  fact 
indicates  that  the  formation  of  the  dihydrate  in  the  concentrated 
solution  is  due  to  the  dehydrating  effect  of  the  strong  alkali.  It 
is  also  evident  that  K2Te04.5HoO  is  less  soluble  in  a  dilute  solu- 
tion of  potassium  hydrate  than  KoTe0^.2H20  is  in  a  concentrated 
solution. 

ACID  TELLURATES  OF  POTASSIUM. 

Berzelius  states  that  potassium  bitellurate  (  KHTeO^)  may  be 
obtained  from  equivalent  quantities  of  telluric  acid  and  potassium 
carbonate,  but  that  it  is  produced  with  greater  certainty  by  dis- 
solving potassium  carbonate  and  telluric  acid  in  a  small  amount 
of  hot  water  in  such  proportions  that  there  shall  be  two  molecules 
of  telluric  acid  present  to  one  of  potassium  carbonate.  When 
such  a  solution  is  cooled  the  bitellurate  of  potassium  separates 
upon  the  walls  of  the  containing  vessel  in  granular  tufts.  The 
formula  KoO.2TeO3.4H2O  is  assigned  to  the  crystalline  salt. 

Berzelius  states  that  potassium  quadrotellurate  (K,0.4Te03) 
can  be  obtained  by  the  same  method  as  the  bitellurate.  In  the 
case  of  the  quadrotellurate,  however,  telluric  acid  and  potassium 
carbonate  were  dissolved  in  the  proportion  of  four  molecules  of 
the  former  to  one  of  the  latter.     The  formula  KoO.4TeO3.4H2O 
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is  assigned  to  the  crystalline  salt.  Berzelius  states  that  these 
salts  may  also  be  obtained  by  treating-  a  solution  of  normal  potas- 
sium tellurate  with  the  requisite  amount  of  an  acid  (nitric  or  sul- 
phuric) to  withdraw  potassium. 

Berzelius  also  describes  a  yellow  insoluble  quadrotellurate  of 
potassium  obtained  by  heating  either  K^0.2Te03  or  K20.4Te03. 
He  states  that  this  compound  may  also  be  obtained  by  heating  tel- 
luric acid  with  potassium  nitrate  at  a  temparature  below  a  red 
heat.  The  compound  is  insoluble  in  cold  nitric,  hydrochloric,  and 
sulpluiric  acids,  and  potassium  hydrate. 

KHTeO^. 

A  tellurate  of  potassium  containing  more  telluric  acid  than 
KHTeOi  cannot  be  obtained  by  the  action  of  carbon  dioxide  on 
normal  potassium  tellurate.  When  carbon  dioxide  is  passed  into 
a  concentrated  solution  of  potassium  tellurate  a  white  precipitate 
of  potassium  bitellurate  (KHTeOJ  is  immediately  formed.  The 
precipitate  may  settle  as  a  gummy  mass,  but  it  becomes  granular 
when  cooled  to  zero.  The  composition  of  this  precipitate  is  not 
changed  by  prolonged  contact  with  carbon  dioxide.  KHTeO^, 
obtained  in  this  manner,  was  repeatedly  covered  with  distilled 
water,  cooled  to  zero,  and  treated  with  carbon  dioxide. 

Analysis  of  the  residue,  after  having  been  dried  with  filter 
paper,  gave  the  following  results : 

0.5428  grams  with  hydrochloric  acid  liberated  chlorine  equiva- 
lent to  0.2415  grams  Te. 

0.9906  grams  gave  0.2511   grams  KCl. 

1.5444  grams  gave  0.3492  grams  H._,0. 

Found  44.49%  Te:  13.30%  K:  and  22.62%  H.O. 

After  deducting  the  water,  some  of  which  was  evidently  held 
mechanically,  the  values  obtained  for  potassium  and  tellurium 
correspond  closely  with  those  required  by  the  formula  Ko0.2Te03. 
In  another  experiment  18%  of  water  was  obtained  from  a  sample 
dried  with  filter  paper,  while  the  same  sample  gave  13.2%  of 
water  after  having  been  dried  over  phosphorus  pentoxide  for  sev- 
eral days.     The  calculated  value  for  water  in  KHTe04.2H20  is 
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i6.8%,  and  for  KHTeO,.iK'HO  (or  K.0.2TeO,.4H,0)  13.9%. 
The  latter  formula  is  the  one  assigned  to  the  bitellurate  by  Berze- 
lius. 

Potassium  bitellurate  may  be  obtained  in  the  form  of  a  trans- 
parent crystalline  crust  by  slow  evaporation  of  its  solutions.  It 
is  only  sparingly  soluble  in  water  at  0° ;  but  is  readily  soluble  in 
boiling  water.     It  is  alkaline  to  litmus. 

\\'hen  a  solution  of  potassium  bicarbonate  is  added  to  a  con- 
centrated solution  of  normal  potassium  tellurate  a  white  precipi- 
tate is  formed.  The  precipitate  appears  flocculent  when  it  is  first 
formed,  but  it  settles  as  a  gxmimy  mass.  The  precipitate  is  so 
soluble  in  the  menstruum  present  that  a  large  amount  of  potassium 
tellurate  is  required  to  obtain  a  small  amount  of  the  solid  ma- 
terial. The  precipitate  is  probably  potassium  bitellurate.  Its 
solubility  in  the  menstruum  may  be  due  to  potassium  carbonate 
formed  by  the  reaction — 

KHCO3  -^  K^TeO,  =  KHTeO^  4-  Iv^CO.,. 

This  reaction  is  in  harmony  with  the  fact,  mentioned  above, 
that  potassium  bitellurate  does  not  react  with  potassium  carbon- 
ate to  give  carbon  dioxide.  The  ready  formation  of  potassium 
bitellurate  may  be  due  largely  to  the  insolubility  of  the  compound, 
but  from  the  facts  that  ha\t  been  mentioned  it  seems  probable 
that  telluric  acid  is  a  weaker  acid  than  carbonic. 


K,0.3rcO,^.3H.O. 

When  solutions  made  by  dissolving  potassium  carbonate  and 
telluric  acid  together  in  water  in  the  proportion  of  one  molecule 
of  the  carbonate  to  four  of  the  acid  are  evaporated,  a  white  gran- 
ular precipitate  of  Ko0.3TeO,.5H.,0  is  deposited.  Analysis  of 
the  salt,  after  having  been  dried  for  eleven  days  over  phosphorus 
pentoxide.  gave  the  following  results : 

1. 6971  grams  gave  0.2075  grams  H^O. 

1.6971  grams  gave  0.3495  grams  KCl. 

1.3340  grams  gave  (with  HCl)  chlorine  equivalent  to  0.7207 
grams  Te. 
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Calculated  for  KoO.3TeO3.5H2O  Found 

HoO  12.65  12.22 

K  ii.oi  11.06 

I'e  53.83  54.02 

The  salt  reacts  alkaline  to  litmus.     Like  the  bitellurate  it   is 

much  more  soluble  in  hot  water  than  in  cold. 

This  acid  salt  may  be  obtained  by  dissolving  potassium  carbon- 
ate and  telluric  acid  together  in  the  ratio  of  one  molecule  of  potas- 
sium carbonate  to  three  of  telluric  acid. 


MERCUROUS  TELLURATES. 

Berzelius**  describes  normal  mercurous  tellurate  (Hg2Te04) 
as  a  yellow-brown  precipitate  obtained  by  adding  powdered  mer- 
curous nitrate  to  a  solution  of  potassium  tellurate.  When  a  solu- 
tion of  mercurous  nitrate  is  used  instead  of  the  powdered  salt, 
the  yellow-brown  precipitate  gradually  changes  to  a  pale  yellow 
color.  Berzelius  states  that  this  change  in  color  is  probably  due 
to  the  formation  of  the  bitellurate  of  mercury  (HgHTe04) 
brought  about  by  the  free  acid  in  the  solution  of  the  mercury  salt. 

Oppenheim*^  states  that  when  9.  concentrated  solution  of 
mercurous  nitrate  is  treated  w-ith  telluric  acid  a  white  cheesy  pre- 
cipitate forms  which  becomes  yellow  in  the  air.  He  considers 
this  precipitate  a  double  salt  of  mercurous  nitrate  and  tellurate 
analogous  to  the  double  compounds  of  silver  and  lead  that  he 
describes. 

The  precipitates  obtained  by  double  decomposition  of  solutions 
of  mercurous  nitrate  and  a  soluble  tellurate  or  telluric  acid  may 
vary  in  composition  from  HHgTeO^  to  3Hg0.2Te03. 

However,  any  precipitate  of  mercurous  tellurate  may  be 
changed  to  crystals  of  HHgTe04.3HoO  by  treatment  with  a  cold 
concentrated  solution  of  telluric  acid.  This  acid  tellurate  is  not 
only  the  only  crystalline  mercurous  tellurate  that  has  been  pre- 
pared, but  it  is  the  only  mercurous  tellurate  of  definite  composi- 
tion that  has  been  obtained  during  the  progress  of  this  work. 


♦♦Pogg.  Ann.,  Vol.  32,  p.  577. 
«Jr.  f.  pr.  Chem.,  Vol.  71,  p.  266. 
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Mercurous  tellurate  is  a  striking  example  of  a  salt  of  a  weak 
acid  and  a  weak  base.  Slight  variations  of  the  conditions  under 
which  a  salt  is  placed  may  bring  about  a  change  in  its  composi- 
tion, causing  it  to  become  either  more  acid  or  more  basic.  This, 
together  with  the  fact  that  the  salt  is  readily  decomposed  giving 
free  mercury  and  mercuric  tellurate,  renders  the  preparation  of 
the  tellurates  of  monovalent  mercury  somewhat  difficult. 

HHgTcO,.3H.O. 

This  crystalline  salt  may  be  obtained  either  by  double  decom- 
position of  solutions  of  mercurous  nitrate  and  telluric  acid  or  by 
the  action  of  telluric  acid  upon  mercurous  oxide. 

\\"hen  mercurous  oxide  is  treated  with  a  cold  concentrated  solu- 
tion of  telluric  acid  it  is  slowly  attacked  and  colorless  crystals  of 
HHgTe04.3H20  are  formed.  As  the  resulting  crystals  are 
mixed  with  the  unattacked  oxide,  this  is  not  a  suitable  method 
for  the  preparation  of  the  salt  in  pure  condition. 

Large  amounts  of  the  salt  may  be  conveniently  prepared  by 
treating  a  solution  of  mercurous  nitrate  with  telluric  acid  and 
subsequent  change  of  the  precipitate  to  the  crystalline  salt. 
When  a  solution  of  telluric  acid  is  added  to  a  solution  of  mercur- 
ous nitrate  a  bright  yellow  precipitate  is  formed.  If  a  large  ex- 
cess of  telluric  acid  is  added,  the  yellow  precipitate  becomes 
nearly  white  and  slowly  changes  to  colorless  crystals  of 
HHgTe04.3H20.  The  presence  of  considerable  free  nitric  acid 
in  the  solution  aids  greatly  in  the  formation  of  crystals  of  the 
salt.  Under  these  conditions  crystals  frequently  form  on  the 
walls  of  the  containing  vessel. 

Analysis  of  the  colorless  crystals  gave  the  following  results : 

1.9265  grams  gave  0.2717  grams  H„0. 

0.8459  granis  gave  0.4358  grams  HgS. 

1. 24 1 6  grams  with  hydrochloric  acid  liberated  chlorine  equiva- 
lent to  0.3501  grams  Te. 

Calculated  for  HHgTeO,.3H20  Found 

Hg  44-78  4440 

Te  28.57  28.21 

HoO  I4-II  I4-II 
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For  the  estimation  of  the  mercury,  all  of  which  was  present 
in  the  mercurous  condition,  the  salt  was  treated  with  dilute  hy- 
drochloric acid  and  the  precipitated  mercurous  chloride  oxidized 
with  bromine  water.  The  mercury  was  precipitated  with  hydro- 
gen sulphide. 

Tellurium  was  estimated  by  decomposing  the  salt  with  hydro- 
chloric acid,  absorbing-  the  liberated  chlorine  in  a  solution  of 
potassium  iodide  a:id  titrating  the  free  iodine  with  sodium  thio- 
sulphate.  The  chlorine  absorbed  by  the  solution  of  potassium 
iodide  represents  only  a  portion  of  the  chlorine  liberated  by  the 
oxidation  of  the  hydrochloric  acid.  When  the  tellurate  is  treated 
with  hydrochloric  acid  in  the  cold,  mercurous  choride  is  precipi- 
tated. Upon  heating  the  solution  the  chlorine  formed  by  the 
oxidation  of  the  hydrochloric  acid  converts  the  mercurous  chlor- 
ide into  mercuric  chloride.  The  amount  of  chlorine  thus  reduced 
was  calculated  and  added  to  the  amount  absorbed  by  the  iodide 
solution  in  order  to  determine  the  amount  of  tellurium  in  the  salt. 
The  reactions  involved  may  be  represented  as  follows : 

2HHgTeO,  +  2HCI  =  HgXl.  +2H.TeO,+H20. 

2H2TeO^-f  i2HCl  =  2TeCl,+  8H20+2Cl2. 

HgXU-fCU  =  2HgCL. 

One-half  of  the  chlorine  liberated  during  the  reaction  is  re- 
duced by  the  mercurous  chloride  in  the  solution. 

HgHTe0^.3HoO  cr3^-stallizes  in  the  triclinic  system.  It  is  in- 
soluble in  water  but  soluble  in  dilute  acetic  or  nitric  acid.  Am- 
monium hydroxide  reacts  with  the  salt  to  form  a  black  precipitate. 
Sunlight  blackens  the  salt,  but  it  is  stable  in  the  air  if  protected 
from  the  light.  Crystals  of  the  salt  have  been  preserved  in 
closed  tubes  for  a  year  without  losing  their  transparency  or 
changing  in  any  respect,  ^^^ith  boiling  water  the  crystals  quickly 
decompose,  telluric  acid  and  a  yellow  amorphous  tellurate  being 
formed.  An  excess  of  cold  concentrated  mercurous  nitrate  solu- 
tion brings  about  the  same  result.  If  the  yellow  basic  precipitate 
is  treated  with  an  excess  of  telluric  acid  it  may  be  changed  to 
crystals  of  HHgTe04.3HoO.  When  strongly  compressed  be- 
tween steel  rolls  the  salt  detonates  and  assumes  a  brown  color. 
The  amorphous  mercurous  tellurates  possess  the  same  property. 
It  has  been  observed  that  when  a  glass  rod  is  drawn  over  the  wet 
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precipitate  obtained  by  bringing  together  solutions  of  mercurous 
nitrate  and  potassium  tellurate,  it  changes  from  a  yellow  to  a 
brown  color.  The  same  change  may  be  brought  about  by  press- 
ing the  precipitate  between  layers  of  filter  paper. 
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HHgTeO,.3H.O. 

Triclinic.     x\xes — a  :b  :c=:  1.044  :  i  :  1-055 
a=ioo°  30'; /3=io6°03';   7  =  103°  59^. 

ca,  001  :  100=  109°  38'. 
ab,      100  :oio=  108°  00' 

cb,  001  :oio=io5°  30' 
cs,  001  :oiir=i4i°  45' 
ex,  001  :Tii  =  i27°  07' 
sx,  on  :Tii  =  i4i°  30' 
c'r,  ooT  :TiT=i3i°  32' 
as.  100  :oi  I  =  114°  05' 
bx.  oio:Tii  =  i30°  15' 
c'h.  ooT  :oiT^=i26°  08' 
hs,  oiT:oii=  92°  23' 
ub,  223  :  010=  133°  25' 
uc',  223  :ooi  =  i03°  30' 
rb,     TiT  :oio=io6°  00' 

xa',    Tii  :Too=i04°  25' 
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Other  Mercurous  Tcllurates. 

l 

All  attempts  to  prepare  normal  mercurous  tellurate  in  the  crys- 
talline form  have  been  unsuccessful.  Indeed,  it  has  not  been 
found  possible  to  obtain  an  amorphous  tellurate  of  mercury  hav- 
ing exactly  the  composition  HgoTeO^.  The  salt  is  likely  to  be 
contaminated  by  either  a  basic  or  an  acid  tellurate  of  mercury, 
depending  upon  the  conditions  in  the  solution.  The  preparation 
of  the  salt  is  still  further  complicated  by  the  fact  that  the  precipi- 
tate obtained  by  double  decomposition  of  mercurous  nitrate  and 
potassium  tellurate  contains  nitric  acid  which  it  is  difficult  to 
remove  by  washing.  Moreover,  long  continued  treatment  with 
water  decomposes  the  precipitate. 

When  a  large  excess  of  a  cold  concentrated  solution  of  potas- 
sium tellurate  is  added  to  a  concentrated  solution  of  mercurous 
nitrate  the  yellow  precipitate,  which  is  first  formed,  quickly 
changes  to  a  brown.  The  precipitate  is  slimy  and  difficult  to 
wash.     It  approximates  HgoTeO^  in  composition. 

Impure  3Hg20.2TeO:.  may  be  obtained  as  a  yellow  amorphous 
precipitate  by  treating  a  hot  dilute  solution  of  potassium  tellurate 
with  an  excess  of  mercurous  nitrate  solution  and  washing  the  pre- 
cipitate with  hot  water.  It  is  hardly  possible  to  obtain  the  pre- 
cipitate free  from  nitric  acid. 

A  mercurous  tellurate  analogous  or  silver  orthotellurate 
(AggTeOg)  has  not  been  prepared.  When  the  bulky  yellow  pre- 
cipitate, obtained  by  treating  a  hot  dilute  solution  of  potassium 
tellurate  with  an  excess  of  mercurous  nitrate  solution  is  washed 
with  hot  water  and  boiled  for  some  time  in  w^ater  it  is  decom- 
posed giving  free  mercury.  The  precipitate  may  be  boiled  for 
several  hours  without  changing  in  appearance,  but  at  length  it 
settles  as  a  heavy  brown  granular  powder  containing  free  mer- 
cury. This  change  may  l>e  hastened  by  n.ibbing  some  of  the  pre- 
cipitate against  the  side  of  the  beaker  with  a  glass  rod. 

When  the  brown  powder  is  heated  with  hydrochloric  acid  ele- 
mentary tellurium  is  precipitated. 
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MERCURIC  TELLURAIES. 

Berzelius  describes  mercuric  tellurate  (HgTe04)  as  a  white 
flocculent  precipitate. 

Divalent  mercury  forms  two  salts  with  telluric  acid,  mer- 
curic orthotellurate  (HggTeOs)  and  normal  mercuric  tellurate 
(HgTe04),  both  of  which  have  been  prepared  in  crystalline  form. 
HgTeO^  may  be  obtained  as  a  white  flocculent  precipitate  as  de- 
scribed by  Berzelius.  Under  favorable  conditions  it  crystallizes 
with  two  molecules  of  water,  giving  HgTe04.2HoO.  The  in- 
termediate compound  3Hg0.2Te03  has  not  been  isolated,  al- 
though there  are  indications  that  it  may  exist.  All  precipitates 
of  mercuric  tellurate,  whether  crystalline  or  amorphous,  show  a 
strong  tendency  in  the  presence  of  water  to  change  to  mercuric 
orthotellurate.  This  property  of  mercuric  tellurate  renders  it  dif- 
ficult to  prepare  HgTeOi  in  pure  condition. 


Mercuric  Orthotellurate — Hg-^TeO^. 

When  an  excess  of  mercuric  nitrate  is  added  to  a  hot  dilute 
solution  of  potassium  tellurate,  a  heavy  yellow  granular  precipi- 
tate of  mercuric  orthotellurate  is  formed.  In  order  to  obtain 
this  salt  in  crystalline  form,  a  somewhat  different  method  of  pro- 
cedure must  be  employed. 

If  a  cold  concentrated  solution  of  mercuric  nitrate  is  added  to 
a  concentrated  solution  of  potassium  tellurate  made  acid  with 
nitric  acid,  a  white  flocculent  precipitate  of  HgTe04  is  formed. 
At  room  temperatures  a  portion  of  the  precipitate  usually  as- 
sumes a  yellow  color  immediately,  probably  due  to  the  formation 
of  a  basic  salt.  If  the  acid  solution  containing  this  white  or 
yellow  flocculent  precipitate  is  allowed  to  stand  undisturbed  for 
several  days  the  precipitate  is  largely  converted  into  transparent 
amber  colored  crystals  of  Hg^TeOp,.  Frequently  the  walls  of 
the  containing  vessel  are  covered  with  crystals  that  have  separ- 
ated from  the  acid  solution.  In  many  cases  the  amber  colored 
crystals  form  in  contact  with  the  white  amorphous  precipitate,  but 
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in  all  cases  the  crystals  are  entirely  distinct  from  the  precipitate. 

HggTeOg  crystallizes  in  the  isometric  system,  the  predominat- 
ing form  being  the  dodecahedron.  Combinations  of  the  cube  and 
dodecahedron  are  frequent,  while  many  crystals  show  a  broad 
octahedral  face  on  which  the  crystal  has  grown.  Single  crystals 
have  been  obtained  which  are  over  an  eighth  of  an  inch  in  diam- 
eter. The  crystals  contain  a  little  nitric  acid  and  about  0.6% 
of  water.  This  is  considerably  less  than  one-half  of  a  molecule 
of  water  to  one  of  HgsTeOg. 

The  crystals  are  insoluble  in  water  and  unchanged  by  boiling 
with  water.  They  are  soluble  in  nitric  acid  but  more  readily 
soluble  in  hydrochloric  acid.  Hot  potassium  hydrate  precipitates 
mercuric  oxide.  The  powdered  salt  does  not  change  in  comp<^ 
sition  when  kept  in  contact  with  a  cold  saturated  solution  of 
telluric  acid  for  48  hours. 

When  heated  the  salt  assumes  a  red  color,  but  it  regains  its 
original  color  upon  cooling.  The  crystals  are  not  altered  by 
heating  to  140°. 

Analysis  of  the  salt,  after  having  been  dried  over  phosphorus 
pentoxide  for  several  days,  gave  the  following  results : 

4.6696  grams  gave  0.0279  grams  HoO. 

1.7853  grams  gave  1.4940  grams  HgS. 

1.0894  grams  with  hydrochloric  acid  liberated  chlorine  equiva- 
lent to  0.1727  grams  Te. 

Found  72.13%  Hg  15.85%  Te  0.59%  H„0 

The  value  obtained  for  tellurium  is  about  0.5%  too  high.  This 
discrepancy  is  due  to  the  presence  of  a  little  nitric  acid  in  the 
crystals. 

The  corresponding  sulphate  of  mercury,  HgjSOg,  exists  as  tur- 
peth  mineral.  This  compound  may  be  prepared  as  a  heavy  yel- 
low powder  or  as  yellow  crystals  by  treating  the  normal  sulphate 
with  water.  In  color  the  sulphate  is  very  similar  to  the  tellurate, 
but  it  does  not  crystallize  in  the  isometric  system. 

Amorphous  HgoTeO^. 

When  concentrated  solutions  of  mercuric  nitrate  and  potassiurr 
tellurate  or  telluric  acid    are    brought    together    at  zero  a  white 
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flocculent  precipitate  of  mercuric  tellurate  is  formed.  The  pre- 
cipitate is  quickly  decomposed  by  water  at  room  temperature  into 
telluric  acid  and  basic  mercuric  tellurate.  This  decomposition 
goes  on  even  when  the  precipitate  is  washed  with  water  at  zero; 
consequently  it  is  impossible  to  obtain  a  pure  white  product  in 
suitable  condition  for  analysis.  The  precipitate  remains  white 
indefinitely  in  a  saturated  solution  of  telluric  acid  at  room  tem- 
perature. 

Analysis  of  the  light  yellow  powder  obtained  by  washing  the 
white  precipitate  with  water  at  o°  showed  that  it  approximates 
HgTeOi  in  composition. 

Crystalline  HgTe0^.2H.O. 

If  the  white  precipitate  of  mercuric  tellurate  formed  by  mixing 
concentrated  solutions  of  mercuric  nitrate  and  potassium  tellurate 
containing  free  nitric  acid,  is  allowed  to  remain  undisturbed  in  the 
mother  liquor  for  several  days  at  room  temperature,  nearly  all  of 
it  is  converted  into  crystalline  HgjTeOe.  In  some  cases  colorless 
crystals  of  HgTe04.2HoO  were  obtained  mixed  with  the  amber 
colored  crystals  of  mercuric  orthotellurate. 

Analysis  of  the  colorless  crystals  gave  the  following  results : 

0.2413  grams  gave  0.0202  grams  HoO ; 

0.2413  grams  gave  0.0887  gi'an^s  TeO^ : 

Calculated  for  HgTeO,.2H,0  Found 

Te  29.84  29.39 

HX)  8.41  8.37 

HgTe04.2HoO  appears  as  transparent  crystals  belonging  to  the 
orthorhombic  system.  It  is  slowly  decomposed  by  cold  water. 
Boiling  water  quickly  decomposes  it  into  telluric  acid  and  basic 
mercuric  tellurate. 

Copper  OrfJiofellnrcfc,  Cn.^TeOQ. 

When  a  solution  of  copper  nitrate  is  treated  with  a  solution  of 
potassium  tellurate  a  green  flocculent  precipitate  of  copper  tel- 
lurate is  formed.  Berzelius  describes  this  compound  as  normal 
copper  tellurate  (CuTe04).     If  the  precipitate  is  boiled  for  some 
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hours  with  w  ater  it  is  converted  into  copper  orthotellurate,  which 
settles  as  a  heavy  green  powder.  It  is  insoluble  in  water  but 
soluble  in  ammonia,  potassium  cyanide,  and  acetic,  hydrochloric, 
and  nitric  acids. 

Analysis  of  the  green  powder  after  having  been  dried  over 
phosphorus  pentoxide  for  a  week  gave  the  following  result : 

0.6675  grams  heated  with  hydrochloric  acid  liberated  chlorine 
equivalent  to  0.2069  grams  tellurium. 

CUjTeO^  requires  30.79%  tellurium;  found  31.00%. 

Numerous  attempts  were  made  to  prepare  copper  tellurate  in 
crystalline  form,  but  none  were  successful.  Copper  hydrate  was 
treated  with  an  excess  of  telluric  acid ;  the  resulting  tellurate  of 
copper  was  allowed  to  remain  in  the  solution  for  several  weeks. 
Likewise  the  precipitate  obtained  by  bringing  together  solutions 
of  potassium  tellurate  and  copper  nitrate  was  allowed  to  remain 
in  mother  liquors  of  varying  composition  for  weeks.  In  no  case 
were  any  crystals  of  copper  tellurate  formed. 

Z{)ic  Orthotellurcie,  ZtuTcO^,. 

The  white  flocculent  precipitate  obtained  by  bringing  together 
solutions  of  zinc  nitrate  and  potassium  tellurate  may  be  changed 
into  a  heavy  granular  precipitate  of  ZugTeO.j  by  long  continued 
treatment  with  hot  water. 

Analysis  of  the  powder  prepared  in  this  manner  and  dried  over 
phosphorus  pentoxide  for  a  week  gave  the  following  result : 
0.6331  grams  with  hydrochloric  acid  liberated  chlorine  equivalent 
to  0.1940  grams  tellurium.  Calculated  for  Zn.TeCj.  30.40% 
tellurium:  found  30.64%. 

Zn„TeOo  is  insoluble  in  water  but  soluble  in  acetic,  nitric,  hy- 
drochloric, and  sulphuric  acids. 

Gutbier^''  prepared  zinc  tellurate  in  the  form  of  a  white  insol- 
uble precipitate  by  bringing  together  solutions  of  potassium  tellu- 
rate and  zinc  chloride.  He  does  not  give  the  composition  of  the 
tellurate  of  zinc  that  he  obtained  in  this  manner. 


'Zeit.  f.  anorg.  Chem.,  Vol.  31,  p.  349. 
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Attempts  were  made  to  prepare  zinc  tellurate  in  crystalline 
form  by  allowing  the  amorphous  salt  to  remain  in  contact  with 
mother  liquors  of  various  compositions.  The  results  were  all 
negative. 

GOLD  TELLURATE. 

No  tellurate  of  gold  has  been  prepared.  From  the  experiments 
that  have  been  made  in  an  attempt  to  prepare  this  salt  it  seerns 
probable  that  water  immediately  decomposes  the  salt  if  it  is 
formed  in  aqueous  solutions. 

When  a  solution  of  gold  chloride  is  added  to  normal  silver  tel- 
lurate suspended  in  water,  silver  chloride  and  gold  oxide  are  pre- 
cipitated. 

When  solutions  of  normal  potassium  tellurate  and  gold  chloride 
are  brought  together  and  the  resulting  solution  allowed  to  evap- 
orate over  sulphuric  acid,  yellow  crystals  of  potassium  chlor- 
aurate  are  formed.  No  tellurate  of  gold  separates  from  the  solu- 
tion. 

The  fact  that  gold  chloride  takes  up  potassium  from  potassium- 
tellurate  to  form  potassium  chlor-aurate  is  a  good  illustration  of 
the  weak  affinitv  that  telluric  acid  exerts  towards  bases. 


Sr:FARATlON  OF  GOLD  FROM  TELLURIUM. 

While  working  with  gold  and  telluric  acid  it  became  necessary 
to  separate  gold  from  tellurium.  It  was  found  that  nitrous  acid 
would  not  reduce  either  telluric  or  tellurous  acids.  Nitrous  acid 
completely  reduces  gold  from  its  solutions.'*'^  Gold  may  be  sepa- 
rated from  tellurium  in  dilute  acid  solution  by  the  addition  of 
potassium  nitrite.  After  filtering  out  the  precipitated  gold,  tellu- 
rium may  be  determined  in  the  filtrate  by  precipitation  with  sul- 
phur dioxide. 


*' Fischer,  Fogg.  Ann.,  Vol.  17,  p.  480. 
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SUMMARY. 

1.  Telluric  acid  forms  ortho-tellurates  of  the  type  M'gTeOe 
Avith  a  number  of  the  metals.  AggTeOg.  Hg^TeOg,  Zn.TeOg, 
and  CuyTeOg  have  been  prepared.  The  normal  tellurates  (e.  g. 
AgoTeO^ )  of  these  metals  are  changed  to  the  ortho  compounds 
by  treatment  with  water. 

2.  The  crystalline  normal  tellurates  that  have  been  prepared, 
viz. :  Ag,TeO,.2H,0.  Rb^TeO^.SH.O,  HgTe0^.2H.O,  Cs^TeO^. 
3HX).  Xa.Te04.2H.,0.  and  K.,Te0^.2H  0,*^  may  be  considered 
acid  salts  of  orthotelluric  acid  of  the  types  ^^I'^H^TeOg  and 
M'oH.TeOg.HX). 

3.  Silver  forms  two  crystalline  tellurates — Ag,O.Te03.2HoO 
and  3Ag20.2TeO,.3H20.  The  former  salt  is  yellow  and  crystal- 
lizes in  the  orthorhombic  system ;  the  latter  is  red  and  crystallizes 
in  the  monoclinic  system.  Both  of  these  salts  may  be  considered 
acid  salts  of  orthotelluric  acid.  Xo  selenate  or  sulphate  of  silver 
is  known  that  is  isomorphous  with  either  of  these  salts. 

4.  HgHTe0^.3H„0  crystallizes  in  the  triclinic  system.  It  is 
the  only  crystalline  mercurous  tellurate  that  has  been  prepared. 

5.  Two  crystalline  salts  of  divalent  mercury  have  been  pre- 
pared, viz. :  HgjTeOg  and  HgTe04.2H30.  The  former  appears 
in  the  form  of  amber  colored  cr\-stals  belonging  to  the  isometric 
system :  the  latter  is  white  and  crystallizes  in  the  orthorhombic 
system. 

6.  The  crystalline  compound  described  by  Oppenheim  as  a 
double  salt  of  silver  nitrate  and  tellurate  is  normal  silver  tellurate 
(Ag,TeO,.2H20). 

7.  It  has  not  been  found  possible  to  prepare  the  acid  tellurates 
■of  silver  described  by  Berzelius. 

8.  Potassium  tellurate  may  be  prepared  in  crystalline  form  by 
slow  evaporation  of  its  solution,  provided  care  is  exercised  to  pre- 
vent supersaturation  of  the  solution. 


"Potassium  forms  a  second  tellurate — K„Te04.  5H,0. 
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9.  Telluric  acid  does  not  completely  replace  the  carbonic  acid 
in  an  equivalent  quantity  of  potassium  carbonate.  Crystalline 
normal  potassium  telluratqp.cannot  be  obtained  from  potassium 
carbonate  and  telluric  acid  ks  described  by  Berzelius. 

10.  Although  telluric  acid  is  a  weak  acid,  hot  concentrated 
solutions  of  it  attack  mercury,  silver,  lead,  tin,  arsenic,  antimony, 
bismuth,  nickel,  zinc,  aluminum,  and  cadmium. 

11.  There  are  no  well  authenticated  cases  of  isomorphism  be- 
tween sulphates  and  tellurates  or  between  selenates  and  tellurates. 


This  work  was  undertaken  at  the  suggestion  of  Professor 
Lenher  and  carried  out  under  his  guidance.  I  wish  to  take  this 
opportunity  of  expressing  my  thanks  for  the  inspiration  that  I 
have  received  from  him  in  the  laborntory  as  well  as  in  the  class- 
room. 


46 


?'- 


BULLETIN    OF    THE    UNIVERSITY    OF    WISCONSIN 

>'0.    11.-. 
Science  Series.  Vol.  3.  No.  4,  pp.  ss-zoa 


ANATOMY  IX  AMERICA 


BY 

CHARLES  RUSSELL  BARDEEN 

Professor  of  AnatGmii  in  the  Uniiersitij  of  Wisconsin 


Published  bi-monthlj/  6.1/  aulhoritij  of  law  with  the  approval  of  the  Regents 

of  the  Uiiiversitf^  and  entered  at  the  post  office  at 

Madiso7i  as  xecotid-clais  matter 


MADISON,  WISCONSIN 
September,  1905 


?.^ 


CONTENTS. 


Page 

Introduction    87 

Ancient   anatomy    88 

Rise  of  modern  anatomy 90 

Development  of  anatomy   92 

Anatomy  in  America: 

In  medical  schools    # 9& 

Biological  aspect   99 

Contributors    101 

Contributions :    102 

I     Special  human  anatomy  103 

II     Comparative  organic  anatomy  108 

III  Histology-    110 

IV  Cytology-   Ill 

V     Embryology  Ill 

VI     Neurology   112 

VII     Experimental  morphology    113 

VIII     Teratologj'   115 

IX     Variation  and  heredity    116 

Notes  with  table  of  contents   118 


ANATOMY  IX  AMERICA. 


INTRODUCTION. 


For  over  a  quarter  of  a  century  anatomical  studies  have  been 
carried  on  in  the  biological  laboratories  of  this  university,  impor- 
tant contributions  to  the  science  have  been  made,  and  students 
trained  here  have  achieved  notable  success  as  teachers,  physicians 
and  investigators.^  During  the  past  year  facilities  for  teaching 
and  research  work  have  been  extended  so  as  to  include  the  study 
of  human  structure,  and  a  department  of  anatomy  has  been  cre- 
ated. The  new  department  maintains,  in  addition  to  human  an- 
atomy, the  work  in  vertebrate  comparative  anatomy,  neurology, 
histology  and  embryolog}',  previously  carried  on  in  the  zoological 
department.  It  has  been  my  pleasant  privilege  to  be  called  here 
to  share  in  the  development  of  this  new  department,  and  it  has 
seemed  to  me  that  it  might  be  of  interest  to  some  of  you  who  are 
engaged  in  other  fields  of  science  to  consider  with  me  briefly  the 
growth  of  the  science  of  anatomy,  what  America  has  contributed 
to  this  growth,  and  what  we  hope  to  see  Wisconsin  contribute 
toward  it. 

Anatomy  has  for  its  objects  the  determination  of  the  facts  and 
laws  of  the  form  and  structure  of  organisms.-  It  is  a  fundamental 
biological  science  because,  so  far  as  is  known,  structure  determines 
all  vital  activities  and  maintenance  of  structure  is  necessary  for 
their  existence.  Life  we  see  maintained  by  a  vast  number  of 
plants   and   animals   each   of   which   has   arisen   by    an   orderly 


*An  address  delivered  before  the  Science  Club  of  the  University  of  Wisconsin, 
.November  1.5th.  1904,  with  some  additions  and  numerous  explanatory  notes.  I 
desire  here  to  express  my  obligation  to  many  friends  and  especially  to  my  col- 
league, Professor  W.  S.  Miller,  for  aid  In  the  preparation  of  these  notes. 
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Specific  structural  differentiation  from  a  part  of  one,  or 
the  union  of  parts  of  two,  similar  pre-existing  organisms,  and 
•each  of  which  in  turn  may  give  off  parts  of  its  substance  to  be 
.again  differentiated  into  new  individuals  similar  to  itself.  The 
lowest  organisms,  both  animal  and  vegetable,  merely  divide  into 
two  or  more  portions,  each  of  which  soon  assumes  the  form  of 
the  parent.  The  more  complex  organisms,  on  the  other  hand, 
through  structural  differentiation,  give  rise  to  special  parts,  des- 
tined, if  fate  permit,  to  be  developed  into  new  individuals.  Thus, 
plants  give  rise  to  seeds,  animals  to  eggs,  and  the  power  of  a  seed 
or  an  egg  to  develop  into  an  individual  like  the  parent,  we  have 
reason  to  assume  is  conditioned  by  its  structure.  The  ultimate 
nature  of  the  structure  of  living  substance  can  at  present  merely 
be  surmised.  On  the  one  side,  the  anatomist,  by  means  of  the 
microscope  and  a  highly  developed  technique,  seeks  to  penetrate 
deeper  and  deeper  into  its  mysteries ;  on  the  other  side,  the  chem- 
ist, by  increasingly  refined  methods,  investigates  its  nature.  But 
between  the  two  there  is  a  vast  and.  as  yet,  impenetrable  area.^ 

Yet,  when  one  considers  the  vague  and  erroneous  ideas  of  or- 
:ganic  structure  entertained  by  the  people  of  unenlightened  na- 
tions, and  the  unenlightened  people  of  nations  where  science  is 
cultivated,  one  cannot  but  be  astonished  at  the  vast  amount  of 
anatomical  knowledge  that  has  been  accumulated  since  the 
science  had  its  birth  among  the  Greeks. 

AXCIEXT  ANATOMY. 

Aristotle,  who  in  the  fourth  century  B.  C.  summed  up  the  ana- 
tomical knowledge  of  his  time  and  added  to  it,  had  some  curiously 
erroneous  ideas  concerning  structure  and  function.  The  brain, 
"he  thought,  could  not  be  the  organ  of  the  mind,  as  some  physicians 
asserted,  because  he  found  that,  when  exposed,  the  brain  of  a  liv- 
ing dog  did  not  seem  sensitive  to  touch.  He  did  not  distinguish 
nerves  from  tendons  or  arteries  from  veins,  and  he  thought  move- 
ments brought  about  not  by  the  action  of  the  muscles  but  by  the 
tendons  and  veins.  The  flesh  he  took  as  an  organ  of  sensation. 
The  distinction  between  arteries  and  veins  and  the  functions  of  the 
brain,  the  nen^es  and  the  muscles,  were  discovered  in  the  follow- 
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ing"  century  by  Herophilus  and  Erasistratus,  who  studied  at  the 
great  school  at  Alexandria,  where,  for  the  first  time,  the  human 
body  was  dissected.  It  is  interesting  to  note  that  in  this  century 
lived  Euclid,  the  mathematician,  Aristarchus,  the  great  astrono- 
mer, and  Archemedes,  the  founder  of  mechanics.  From  the 
Alexandrian  school  sprang  many  generations  of  Greek  physicians 
whom  the  spirit  of  inquiry  led  to  make  advance  in  anatomical  sci- 
ence. The  last  great  man  among  these  was  Galen,  who  lived  in 
the  second  century  A.  D.,  who  compiled  much  of  the  work  of  his 
predecessors,  bettered  it  in  parts,  and  in  part  put  error  where 
truth  was  known.  His  studies  were  conducted  on  apes  and  other 
mammals,  but  not  on  the  human  body.  He  treated  the  subject 
strictly  from  the  teleological  point  of  view.* 

Curiously  enough,  although  Galen  is  most  severe  in  his  criti- 
cism of  those  of  his  predecessors  who  took  authority  of  man  in 
place  of  authority  of  nature,  which  alone  is  to  be  trusted,  he  him- 
self became  the  great  authority  on  anatomy,  physiology,  pathol- 
ogy and  medicine,  for  over  thirteen  hundred  years.  Ptolemy 
Claudius,  a  contemporary,  performed  a  similar  service  for  astron- 
omy. 

During  the  middle  ages  what  little  was  known  of  anatomy  was 
derived  from  Galen.  With  the  revival  of  learning  in  Italy,  re- 
newed interest  was  taken  in  the  subject.  The  awakening  needs 
of  art  were  added  to  those  of  medicine,  and  at  the  beginning  of 
the  fourteenth  century  human  dissection  was  once  more  occasion- 
ally permitted.  INIondinus  at  this  time  wrote  a  book  on  anatomy 
which  remained  a  favorite  for  two  centuries  and  a  half.  This 
book  was  not,  however,  based  much  upon  personal  observations, 
but  was  rather  a  compilation  from  books  derived  through  the 
Arabians  from  the  works  of  Galen.  ^londinus'  explanations  of 
structure  are  often  curious.  Thus :  ''The  skull  is  formed  of 
discontinuous  pieces  so  that  the  fumosities  may  escape  through  the 
sutures  and  the  forces  of  medicine  may  reach  the  brain. ^" 

During  the  fourteenth  and  fifteenth  centuries,  however,  some 
progress  was  made.  By  the  end  of  the  fifteenth  a  number  of 
facts  concerning  human  structure  were  known  which  were  not 
found  described  by  Galen,  the  original  works  of  whom  had  mean- 
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while  been  discovered,  circulated,  and  accepted  as  authorities  in 
place  of  those  of  his  Arabian  commentators.'^ 

RISE   OF   MODERN  ANATOMY. 

The  times  were  ripe  for  a  genius  who  could  see  all  these  new 
facts  in  their  true  relations  and  deliver  anatomy  from  its  bondage 
to  the  ancients.  To  Vesalius  is  chiefly  due  the  honor  of  bringing 
this  about.  Three  years  before  the  death  of  Luther,  and  two 
after  that  of  Paracelsus,  in  1543.  the  year  in  which  the  epoch- 
making  book  "De  revoliitionibns  orbum  coelestum"  w^as  put  into 
the  hands  of  its  dying  but  immortal  author,  Copernicus,  Vesalius 
published  his  great  book  "De  corporis  hiunani  fabrica  libri  sep- 
tcin."  This  book  is  still  of  worth  as  a  treatise  on  human  anat- 
omy. Its  greatest  value,  however,  lies  in  the  fact  that  in  it,  for 
the  first  time,  was  shown  the  value  of  accurate  objective  study 
and  good  illustration.  However  theories  vary,  facts  thus  re- 
corded are  of  permanent  value.' 

During  the  half  century  following  the  appearance  of  Vesalius 
anatomy  reached  its  zenith  in  the  Italian  universities.  To  them 
students  flocked  by  thousands  from  many  countries.  ^Medicine 
and  law  were  the  most  favored  studies,  and  human  anatomy,  as 
the  basis  of  medicine,  received  high  honors.  This  the  beautiful 
theatres  still  existing  at  Bologna  and  Padua  attest.  Since  the 
sixteenth  century  anatomy  has  not  held  relatively  so  high  a  place 
in  Italy  as  at  that  period,  but  at  all  times,  down  to  the  present, 
Italian  investigators  have  steadily  advanced  the  subject  and,  from 
time  to  time,  there  has  appeared  a  great  man  to  force  it  far 
ahead. 

From  Italy  the  study  of  human  anatomy  spread  to  other  coun- 
tries. In  Spain  it  found  sterile  soil  and  failed  to  flourish  perma- 
nently. In  France  it  suffered  somewhat  from  the  quarrels  which' 
there  divided  physician  and  surgeon,  and  long  made  its  chief  ad- 
vances under  royal  support  and  protection  at  the  Jardin  des 
Plantcs.  In  England  it  did  not  receive  much  university  support 
and  had  to  be  cultivated  chiefly  in  private  schools  by  physicians  in 
active  practice,  usually  at  great  personal  cost.     Yet  the  path  to 
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fame  and  position  lay  here,  and  England  may  \vell  be  proud  of 
the  great  men  who  forced  their  way  along  its  difficult  course.* 

It  was,  however,  with  anatomy  as  with  painting.  The  world's 
chief  centre  shifted  from  Italy  to  the  Netherlands.  And,  as  in 
Italy.  Leonardo  da  \'inci  the  artist,  and  della  Torre  the  anatomist, 
Titian  and  Vesalius  were  intimate  friends,  so  here  between  the 
artists  and  the  anatomists  there  existed  a  helpful  friendship  to 
which  the  great  Rembrandt  has  borne  witness  in  his  well  known 
"Lesson  in  Anatomy."  The  Dutch  anatomists  are  as  famous  for 
the  minute  beauty  of  their  preparations  as  the  Dutch  painters  for 
the  perfect  finish  of  their  canvasses. 

From  the  Netherlands  great  influence  was  exerted  upon  ana- 
tomical study  in  all  the  surrounding  countries,  especially  in  Eng- 
land, Scotland,  France,  and  Germany.^  Toward  the  end  of  the 
eighteenth  century  the  chief  advances  in  the  science  were  being 
made  in  these  countries.  In  Germany  the  liberal  support  given 
to  the  medical  sciences  in  the  universities  during  the  nineteenth 
century  led  to  an  advance  of  anatomy  equalled  nowhere  else. 

The  enormous  development  which  anatomy  has  undergone  since 
the  time  of  A'esalius  can  be  appreciated  only  by  one  well  ac- 
quainted with  the  subject.  Thousands  of  minds  highly  endowed 
have  been  eagerly  devoted  to  its  pursuit,  and  it  has  had  its  due 
share  of  men  of  genius  to  open  up  new  and  fruitful  fields  of  work. 
A  vast  and  complicated  technique  has  been  developed  for  further- 
ing its  growth.  Numerous  museums  have  been  established  for 
preserving  specimens ;  beautiful  and  expensive  laboratories  have 
been  built  for  its  sen-ice.  In  Germany  no  university  is  too  small 
or  poor  to  deny  it  a  specially  designed  and  well  constructed  build- 
ing.^° 

Several  societies  exist  in  different  parts  of  the  world  for  fur- 
thering its  interests.  Large  libraries  are  devoted  to  the  immense 
literature  which  deals  with  the  special  and  general  phases  of  the 
subject.  Many  periodicals^^  and  new  books  each  year  are  re- 
quired to  record  its  advance.  Schwalbe's  Jahresberichte  for  the 
year  1902  gives  a  list  of  nearly  4,000  articles  dealing  with  verte- 
brate and  general  anatomy,  by  about  2.500  investigators. 
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de;velopment  of  anatomy. 

The  anatomy  of  Vesalius  was  characterized  by  its  clear, 
straightforward  description  of  observed  structure.  His  followers 
soon  corrected  the  errors  which  he  had  made  and  carried  their 
dissections  into  more  and  more  remote  parts  of  the  bod}-.  In 
1622  Aselli  discovered  the  chyle  vessels,  in  1647  Pecquet  the  re- 
ceptaculum  of  the  chyle,  and  in  165 1  Rubeck  the  lymphatics. 
Before  many  decades  had  passed  most  of  the  structures  in  the 
human  body  visible  to  the  naked  eye  had  been  accurately  de- 
scribed. Yet,  even  in  this  field  of  gross,  descriptive  human  anat- 
omy, new  points  of  view  are  still  from  time  to  time  brought 
forward  and  structures  seen  in  new  relations  are  truly  seen  for 
the  first  time. 

Vesalius  performed  some  experiments  on  animals  to  determine 
the  functions  of  various  organs.  This  led  to  further  study  of 
animal  structure  from  the  standpoint  of  comparative  physiology\ 
"From  dissection  of  a  living  dog  one  can  learn  more  in  a  day," 
said  Colombo,  "than  in  feeling  pulses  or  studying  Galen  for  many 
months."  (Neuburger  and  Pagel,  vol.  II,  p.  27.)  Early  in  the 
seventeenth  century  Harvey  discovered  the  circulation  of  the 
blood,  and  later  in  the  same  century  Borelli  worked  out  the  me- 
chanics of  muscular  movement.  During  the  eighteenth  century 
John  Hunter  in  England,  Haller  in  Germany,  and  Vicq  d'  Azyr 
in  France  advanced  the  stud}-  of  comparative  physiological  anat- 
om}-  and  gave  an  impetus  to  the  study  of  physiolog}^  which  re- 
sulted, during  the  nineteenth,  in  its  becoming  an  independent 
science.^-  The  great  discovery  by  the  anatomist  Bell,  about  a  cen- 
tury ago,  that  the  nerve  fibres  which  serve  to  conduct  nerve  im- 
pulses into  the  central  nervous  system  are  other  than  those  which 
serve  to  conduct  impulses  from  the  central  organs  to  the  muscles, 
was  the  first  step  in  a  definite  study  of  localization  of  function  in 
the  nervous  system.  Since  this  discovery  wonderful  progress  has 
been  made  in  unravelling  some  of  the  mysteries  of  structure  both 
of  the  central  and  the  peripheral  nervous  systems. 

Pathological  anatoiny,  like  physiology,  has  long  since  become 
an  independent  science.  When  bodies  began  to  be  frequently  dis- 
sected it  was  discovered  that  manv  diseases  are  intimately  bound 
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up  with  alterations  in  org-anic  structure.  The  first  to  carry  out 
an  extensive  study  of  diseased  organs  was  ^Nlorgagni,  (1682- 
1771). 

Desire  to  penetrate  deeper  into  structure  than  the  unaided 
vision  can  go,  led  Eustachius,  the  great  contemporary  of  \'esalius. 
to  the  use  of  simple  lenses.  But  it  was  not  until  the  further  per- 
fection of  these  and  the  invention  of  the  compound  microscope  by 
Janssen  and  its  improvement  by  Drebbel  and  Hooke,  that  micro- 
scopic anatomy  beg'an  to  make  active  progress.  AMth  the  founda- 
tion of  this  the  names  of  Hooke  and  Grew,  of  Leeuwenhoek,  ^lal- 
pighi  and  Swammerdam  are  imperishably  associated.  ]<ilalpighi 
was  the  first  to  extend  the  study  systematically  to  animal  tissues, 
Malpig'hi  and  Grew  to  that  of  plants.  The  blood  capillaries  and 
blood  corpuscles  were  discovered  and  much  new  insight  was 
gained  concerning  the  true  nature  of  glandular  and  other  struc- 
tures. 

Meanwhile  great  advances  were  made  in  anatomical  technique, 
among  the  most  important  of  which  may  be  mentioned  the  injec- 
tion of  blood  vessels  with  melted  wax  by  Swammerdam,  which 
led  to  many  discoveries  concerning  the  distribution  of  these  ves- 
sels ;  and  the  injection  of  fluids  into  the  blood  vessels,  which  made 
it  possible  to  preserve  anatomical  material  for  slow,  careful, 
minute  dissection,  necessar\-  for  exact  study  of  structure. 

At  the  end  of  the  eighteenth  century  the  next  great  step  in 
advance  was  made  by  the  brilliant  French  investigator,  Bichat, 
v/ho  definitely  formulated  the  conception  of  elementary  tissues  out 
of  which,  variously  interwoven,  all  the  organs  of  the  body  are 
composed  and  in  the  vital  activities  of  which  organic  processes 
have  their  seat.  Bichat  disdained  the  use  of  the  microscope,  at 
that  time  an  imperfect  instrument,  and  invented  various  methods 
of  distinguishing  different  tissues  with  the  naked  eye. 

Bichat  arrived,  however,  at  but  an  imperfect  conception  of  the 
tissues.  The  application  of  the  improved  compound  microscope 
to  the  study  of  the  tissues  of  growing  plants  and  developing  ani- 
mals, led,  after  his  death,  to  the  discovery  of  new-  elements  of 
structure  in  animal  tissues  and  to  a  clearer  conception  of  the  na- 
ture of  plant  structure  and  finally  to  the  formulation  of  the  theory, 
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by  Schleiden  and  Schwann,  that  the  bodies  of  all  organisms,  both 
animals  and  plants,  are  composed  of  units  of  living  matter,  termed 
cells,  and  the  products  of  the  activities  of  these  cells.  jSIuch 
study,  especially  in  Germany,  since  1840,  has  been  directed  toward 
the  determination  of  the  essential  features  of  the  cells  and  the  tis- 
sues of  animals  and  plants.  The  introduction  of  the  cell  doctrine 
into  patholog}-  and  medicine  by  A'irchow  in  1855  has  led  to  results 
of  great  practical  value  and  has  made  the  microscope  indispen- 
sable to  the  physician.  A  complicated  technique  for  preparing 
tissues  from  microscopic  examination  has  been  developed. 

With  the  development  of  the  microscopic  study  of  the  tissues 
and  cells,  the  science  of  embryology  has  been  closely  associated. 
Aristotle,  Galen,  Fabricius  (a  pupil  of  Vesalius),  Harvey,  Mal- 
pighi,  and  other  investigators,  had  studied  the  development  of 
organisms  prior  to  the  eighteenth  century,  and  during  that  cent- 
ury Haller,  Bonnet,  and  others  somewhat  advanced  the  subject. 
Toward  the  end  of  the  century  some  true  insight  was  gained  by 
Wolff  into  the  nature  of  the  early  development  of  the  hen's  egg. 
Early  in  the  nineteenth  century  this  knowledge  was  much  ex- 
tended by  von  Baer  and  others.  After  the  compound  microscope 
came  into  extensive  use.  the  ovum  was  found  to  be  a  single  cell, 
fertilization  was  found  to  be  due  to  the  union  of  two  cells  repre- 
senting respectively  male  and  female  elements.  The  complex 
structure  of  the  higher  organisms  was  found  to  arise  from  the 
cleavage  of  the  fertilized  ovum  and  the  subsequent  multiplication 
by  division  of  the  cells  thus  derived  and  their  differentiation  into 
various  tissues. 

A  considerable  share  of  the  attention  of  productive  anatomists 
for  over  half  a  century  has  l)een  devoted  to  a  study  of  the  develop- 
ment of  the  general  form  and  the  differentiation  of  the  organs  and 
tissues  of  various  organisms.  The  simpler  conditions  residing  in 
the  embryo  have  served  to  bring  to  light  many  essential  facts  of 
structure  not  easily  to  be  made  out  amid  the  complex  relations 
characteristic  of  the  adult.  W.  His  was  a  great  leader  in  this 
field  of  study.  (See  F.  Mall,  .American  Journal  of  Anatomy, 
1905.) 

Of  late  years  attention  has  been  turned  more  and  more  to  an 
experimental  study  of  the  conditions  of  organic  development  and 

10 


BAKDEEX AXATOMT  IX  AMERICA.  95 

tissue  dififerentiation.  These  studies  have  been  conducted,  on  the 
one  hand,  largely  by  surgeons  on  man  and  the  higher  mammals 
in  order  to  determine  conditions  of  wound  healing,  tissue  regen- 
eration and  the  correlative  dependence  of  part  on  part;  on  the 
other  hand  by  anatomists  and  physiologists,  zoologists  and  botan- 
ists, on  plants,  the  lower  animals,  and  on  embryos,  in  order  to 
gain  insight  into  the  laws  of  organic  development. 

\\'hile  anatomy,  during  the  past  four  centuries,  has  been  de- 
veloping in  the  interests  of  medicine  and  physiology  along  the 
various  lines  of  descriptive  anatomy,  comparative  physiological 
anatomy,  histology,  cytology,  embryology,  histogenesis,  and  ex- 
perimental morphology,  it  has  during  the  past  century  likewise 
received  a  great  development  from  another  standpoint. 

The  growing  interest  in  animals  and  plants,  which  began 
about  the  time  of  A'esalius,  led  on  the  one  hand  to  some  study  of 
the  structure  of  the  lower  organisms  and  on  the  other  to  the -dis- 
covery of  so  many  different  species  that  naturalists  were  forced 
to  attempt  systematic  classification.  It  was  eventually  found  that 
structure  is  the  most  satisfactory  basis-  for  the  purpose.  The 
study  of  anatomy  from  the  standpoint  of  the  similarities  and  dif- 
ferences in  structures  typical  of  various  groups  of  organisms,  has 
given  rise  to  modern  morphology.  Cuvier  extensively  introduced 
the  study  of  fossil  forms  and  von  Baer  that  of  embryology  into 
this  field  of  study.  It  was  discovered  that  a  certain  similarity 
exists  between  the  successive  stages  of  structural  differentiation 
through  which  one  of  the  more  complex  organisms  passes  during 
embr}'ological  development,  the  structure  of  organisms  which 
paleontology  has  shown  successively  to  have  peopled  the  earth, 
and  living  organisms,  arranged  in  a  series,  from  the  simplest  to 
the  most  complex.  Darwin's  theory  of  evolution  through  natural 
selection  led  to  a  general  belief  in  the  genetic  relationship  of 
living  things,  those  morphologically  similar  being  most  intimately 
related,  and  added  new  interest  to  this  aspect  of  anatomical  study. 

The  renewed  impulse  thus  given  to  the  study  of  structure  and 
the  simultaneous  impulse  given  to  the  study  of  physiology  by 
physics  and  chemistry,  led  not  only  to  the  formation  of  separate 
departments  of  physiology  and  anatomy,  but  also  for  a  time  to  an 
unfortunate    divorce    between    these    two    co-ordinate    subjects. 
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Some  morphologists  went  so  far  as  to  assert  that  anatomy  in  its 
physiological  aspects  should  be  left  to  the  physiologist  and  that 
anatomists  should  concern  themselves  with  the  pure  laws  of 
structure.  A  large  proportion  of  zoologists  devoted  themselves 
to  a  study  of  the  comparative  anatomy  of  dead  animals  and  fossil 
forms  and  paid  comparatively  little  attention  to  the  relation  of 
structure  to  function.  But  the  development  of  experimental 
morphology  on  the  one  hand  and  the  study  of  structural  variation 
upon  the  other,  has,  during  the  past  twenty  years,  led  once  more 
to  the  recognition  of  the  value  in  biological  investigation  of  keep- 
ing ever  in  mind  the  inseparable  union  of  structure  and  function, 
form  and  environment.^^ 

On  human  anatomy  the  morphological  aspect  of  anatomy  has 
had  a  marked  influence  by  leading  first  to  a  study  of  the  structures 
characteristic  of  diflferent  races  of  mankind,  and  then  to  a  study 
of  the  variation  in  structure  which  different  individuals  show, 
and  the  nature  and  frequency  of  these  variations. 

Aside  from  the  physiological  and  morphological  points  of  view, 
human  anatomy  has  been  highly  developed  in  its  practical  ap- 
plications to  medicine,  surgery,  and  the  line  arts. 

ANATOMY    IN    AMERICA. 

If  now  we  turn  to  America  we  find  until  comparatively  recently 
but  few  contributions  to  anatomy.  In  Europe  as  we  have  seen,  the 
science  arose  in  part  from  those  interested  primarily  in  the  prob- 
lems of  medicine,  in  part  from  those  devoted  to  the  study  of  ani- 
mals and  plants.  It  is  therefore  of  interest  to  trace  the  progress 
of  anatomy  in  this  country,  first,  in  its  relations  to  medicine,  then 
to  zoolog}-  and  botany. 

ANATOMY   IN    MEDICAL   SCHOOLS. 

The  earliest  medical  schools  founded  in  this  countr}^  were  estab- 
lished immediately  before  the  Revolution  by  men  who  had  been 
pupils  of  the  great  English  anatomists.  John  and  William  Hunter 
in  London,  and  of  the  ^lonros,  at  Edinburgh.  A  short  course  of 
didactic  lectures  and  opportunity  for  dissection  constituted  the 
essential   features  of  the  curriculum.     For  a  hundred  years  the* 
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general  standards  of  medical  education  rather  declined  than  ad- 
vanced. Dissecting  served  more  to  illustrate  the  text  book 
studied  for  the  sake  of  a  quiz  than  to  offer  training  in  manual 
dexterity  and  in  obsen-ation.  The  professors  of  anatomy  were 
usually  more  engrossed  in  teaching  authoratively  and  in  the  prac- 
tice of  medicine  than  in  the  advance  of  the  science.^* 

Yet  we  owe  a  great  debt  to  the  men  who  in  spite  of  popular 
ignorance  and  prejudice  introduced  and  extended  the  study  of 
human  anatomy  in  this  country.  Thanks  to  the  zeal  of  these  men, 
often  indeed  amidst  the  greatest  difficulties,  practical  anatomy 
was  maintained  in  the  better  medica.  schools  for  a  century  before 
laboratories  became  a  general  part  of  our  educational  system. 
Thanks  also  to  these  early  leaders  state  laws  have  been  passed  so 
framed  as  to  furnish  an  adequate  supply  of  material  for  this  most 
fundamental  of  medical  studies. ^^ 

Many  of  the  teachers  were  men  of  character  and  force.  A 
few,  especially  at  the  Philadelphia  School  of  Anatomy  and  the 
University^  of  Pennsylvania,  were  highly  gifted  men  with  scien- 
tific ideals. ^"^  But  the  prevailing  traditions  concerning  anatomy 
and  anatomical  instruction,  the  placing  of  undue  emphasis  on 
didactic  teaching  and  on  memorizing,  hindered  their  work.  These 
traditions  still  ser\'e  to  hinder  the  general  progress  of  the  subject 
in  this  country.      (See  F.  P.  ]^Iall,  Johns  Hopkins  Bulletin,  Jan. 

1905) 

Microscopic  anatomy  was  long  neglected  in  most  institutions 
and  then  was  generally  introduced  as  an  aid  to  patholog}'  and  not 
as  an  essential  branch  of  anatomy.^'  Embr}-ology  is  still  inade- 
quately treated  in  all  but  a  very  few  institutions.  The  first  good 
course  in  microscopic  neurolog}-  given  in  a  medical  school  in  this 
country  was  that  offered  at  the  Johns  Hopkins  University  in  1894. 

On  the  whole  American  anatomy  of  the  19th  century  was  es- 
sentially a  diluted  copy  of  the  English  anatomy  of  the  i8th.  Just 
as  our  earlier  literary  colleges  were  most  of  them  modelled  after 
the  English  colleges  so  our  medical  schools  were  more  or  less  like 
the  English  schools.  In  spite  of  the  friendship  formed  between 
France  and  the  United  States  after  the  war  of  the  Rebellion 
French  influence  never  made  itself  seriously  felt  in  our  system  of 
medical   education.     The  works   of   Bichat   were  translated  into 
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English  and  published  in  America  early  in  the  19th  century. 
Later,  in  the  time  of  Louis,  many  Americans  went  to  Paris  for  a 
medical  education  and  some  of  them  became  distinguished  phy- 
sicians. Some  slight  stimulus  to  physiological  experimentation 
was  occasionally  to  be  seen  in  America  as  a  result  of  the  great 
activity  in  France  started  by  Alagendie  and  Claude  Bernard. 
But  the  English  influence  of  the  i8th  century  prevailed  in  Amer- 
ican medical  education  until,  in  the  latter  half  of  the  19th  century, 
men  trained  in  Germany  began  to  return  to  America  filled  with 
enthusiasm  for  the  basal  sciences. 

Reform  in  medical  education  in  America  was  inaugurated  at 
Harvard  in  1871  by  President  Eliot.^®  The  entrance  require- 
ments were  raised,  the  curriculum  was  lengthened  and  graded, 
the  basal  sciences  (anatomy,  histology^  and  embryology,  physiol- 
ogy, chemistry,  and  pathology^  and  more  recently,  bacteriology 
and  pharmacology)  were  placed  in  the  first  half  of  the  course, 
laboratories^'*  were  provided,  and  men  scientifically  trained  were 
appointed  to  take  charge  of  them.-^  Facilities  for  clinical  in- 
struction were  likewise  improved. 

The  reform  thus  inaugurated  at  Harvard  led  at  first  to  a  loss 
in  the  number  of  students  and  to  a  decrease  in  income,  but  soon 
the  tide  turned,  public  spirited  citizens  gave  liberal  sums  of  money 
to  the  school,  and  the  better  training  there  offered  led  to  rapid 
growth.  Other  institutions  have  followed  the  example  of  Har- 
vard and  other  university  presidents  have  followed  the  lead  of 
President  Eliot,  in  demanding  higher  standards  in  medical  edu- 
cation. The  need  of  funds  for  laboratory  courses  and  the  desire 
for  prestige,  have  led  the  faculties  in  charge  of  the  medical  schools 
to  submit  to  some  loss  of  control.  Schools  not  connected  with 
universities  have  followed  so  far  as  possible  the  lead  of  those 
thus  connected,  although  often  the  improvements  have  been 
more  apparent  than  real. 

A  most  distinct  advance  in  medical  education  in  America  was 
made  when  the  Johns  Hopkins  University  opened  its  medical  de- 
partment in  1893.  Unusual  opportunities  were  offered  by  the 
special  endowment  of  the  school ;  by  its  intimate  connection  on  the 
one  hand  with  a  university  which  for  fifteen  years  had  supported 
advanced  study  and  research  in  various  sciences,  including  some 
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of  those  sciences  most  nearly  related  to  medicine,  and  on  the  other, 
with  a  hospital  richly  endowed  with  special  view  to  medical  in- 
struction ;  and  by  its  faculty,  selected  from  the  country  at  large 
and  solely  from  the  standpoint  of  personal  merit.  Although  in 
the  better  schools  at  that  time  merely  a  high  school  education  was 
required  for  entrance,  at  the  Johns  Hopkins  a  degree  was  required 
from  a  college  or  scientific  school  in  which  a  certain  amount  of 
biolog}-,  chemistry,  and  physics,  French,  German,  and  Latin  had 
been  studied,  and,  although  in  no  school  at  that  time  were  four 
years  of  medical  study  required,  this  standard  was  set  up  at  the 
new  school.  But  the  chief  service  which  the  Johns  Hopkins 
University  has  rendered  to  medicine  in  this  country  is  the  im- 
pulse which  it  has  given  to  investigation  and  research  in  the 
medical  sciences.  Increased  endowments  and  increased  state  sup- 
port have  enabled  other  institutions  likewise  to  aid  in  this  ad- 
vance.-^ 

Although  the  traditions  hanging  over  anatomy  have  served  in 
many  ways  to  keep  it  from  developing  as  rapidly  as  those  basal 
sciences  which  have  been  more  recently  introduced  into  the  Amer- 
ican medical  schools,  still  in  the  anatomical  departments  of  some 
institutions  notable  advances  have  been  made  both  in  methods  of 
instruction  and  in  scientific  activit}'.-- 

Important  contributions  to  anatomy  have  also  been  made  from 
the  pathological  and  physiological  laboratories  of  medical  schools 
and  by  clinicians.-^ 

BIOLOGICAL    ASPECT    OF   ANATOMY. 

Turning  now  to  the  biological  aspect  of  anatomy  in  America 
we  find  that  the  study  of  the  habits  and  distribution,  and  the  feat- 
ures of  color,  form  and  structure  characteristic  of  various  species 
of  animals  and  plants,  living  and  extinct,  began  in  this  countr)' 
early  during  the  colonial  days  and  has  since  had  much  support 
from  individuals  and  from  various  States  and  the  National  Gov- 
ernment.-* Its  chief  monuments  are  to  be  found  in  the  museums 
of  the  Philadelphia  Academy,  the  Boston  Society  of  Natural  His- 
tory, the  New  York  State  Museum,  the  ^luseum  of  Comparative 
Zoology  at  Cambridge,  the  Peabody  Museum  at  Yale,  the  Na- 
tional Museum  at  Washington,  the  American  ■Museum  at  New 
b  ^        15 
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York,  the  Field  Columbian  ]*iluseum  at  Chicago,  the  Carnegie 
Museum  at  Pittsburgh,  and  many  other  museums  scattered 
throughout  the  country;  and  in  the  publications  of  these  muse- 
ums, of  various  learned  societies,  and  of  the  State  and  National 
governments. 

Productive  study  of  the  internal  structure  and  of  the  physiology 
of  plants  and  animals  began  in  this  country  much  later.  Schol- 
arly study  of  organic  structv;re  began  with  Jeffries  W'yman.-^  and 
was  extended  by  him  and  by  Agassiz-*'  at  the  Lawrence  Scientific 
School  established  at  Cambridge  in  1847.  Here  good  biological 
laboratory  methods  were  utilized  for  the  first  time  in  America. 
For  the  last  tAventy  years  the  anatomical  laboratories  at  Cam- 
bridge have  been  in  charge  of  E.  L.  Mark,  whose  great  ability  as 
an  inspirer  of  investigation  has  lately  been  attested  by  a  beautiful 
memorial  volume  of  contributions  from  his  pupils.-" 

Among  the  pupils  of  Agassiz  who  have  contributed  especially 
to  the  subject  of  animal  structure  may  be  mentioned  A.  Agassiz, 
W.  K.  Brooks,  A.  S.  Packard,  and  B.  G.  Wilder.-^  The  majority 
of  Agassiz's  pupils,  however,  have  paid  attention  rather  to  syste- 
matic zoology  than  to  comparative  anatomy,  although  many  have 
contributed  papers  dealing  with  comparative  anatomy  in  its  rela- 
tions to  systematic  zoology. 

At  Yale,-^  Princeton,^*'  the  University  of  Pennsylvania,^^  the 
Johns  Hopkins,  and  other  institutions,  departments  of  biology 
were  established  in  the  seventies.  Of  these  the  Johns  Hopkins 
did  the  most  to  further  the  advance  of  biology  because  of  the 
support  which  it  gave  to  advanced  and  graduate  work.^-  At  this 
period  also  many  .Americans  began  to  go  to  the  German  univer- 
sities for  the  sake  of  biological  study.  Trained  men  thus  became 
available  for  university  and  college  positions  and'  the  teaching  of 
biology  has  gradually  passed  from  the  hands  of  jacks-of -all-trades 
into  those  of  specialists.^^ 

Tn  a  number  of  universities  the  biological  departments  have 
been  so  extended  in  recent  years  as  to  embrace  the  subjects  in- 
cluded in  the  first  two  years  of  the  medical  curriculum  of  the 
leading  medical  schools.  This  is  of  advantage  because  it  gives 
breadth  to  biolo_g\-  as  a  science  and  depth  to  the  training  offered 
sttidents  preparing  to  study  medicine.^* 
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In  addition  to  the  facilities  for  anatomical  study  offered  in  the 
medical  and  biological  departments  of  various  universities,  marine 
and  lake  laboratories,"^  museums,  ""  and  other  institutions  offer 
opportunities  for  research.  The  progress  of  anatomy  in  recent 
years  in  America  has  also  been  much  furthered  by  the  establish- 
ment of  societies,^"  and  joumals,^^  devoted  to  it  and  kindred  sub- 
jects. 

AMERICAX  CONTRIBUTORS. 

The  increasing  interest  in  anatomy  in  America  as  well  as  the 
increased  foreign  interest  in  American  anatomy  may  be  judged 
from  the  fact  that  in  Schwalbe's  Jahresberichte  for  the  years 
1872-1881  I  find  the  names  of  but  30  American  contributors  to 
anatomy;  for  1882-1891,  about  60;  for  1892-1901,  nearly  400; 
and  for  the  one  year,  1902,  about  120  Americans. 

There  has  been  a  general  increase  in  the  number  of  workers  in 
all  civilized  countries  but  the  increase  has  been  unusually  rapid  in 
America.  The  general  index  of  Schwalbe's  Jahresberichte  for  the 
years  1 872-1 881  gives  about  5,000  names  of  anatomists  and  physi- 
ologists. It  may  be  estimated  that  at  least  3,000  persons  con- 
tributed papers  on  anatomy  during  this  period.  American  work- 
ers thus  constituted  about  one  per  cent,  of  the  world's  productive 
workers  during  that  decade.  For  the  decade  1882-1891  there  are 
about  8.500  names  in  the  general  index  of  Schwalbe's  Jahresbe- 
richte of  which  about  5.000  may  be  estimated  as  those  of  contrib- 
utors to  anatomy.  For  this  period  the  sixty  Americans  contrib- 
utors to  the  subject  therefore  constitute  about  1.2  per  cent,  of  the 
total  number.  For  the  decade  1892-1901  the  names  of  about  10.- 
000  persons  are  indexed.  The  400  American  contributors  thus 
form  about  4  per  cent,  of  the  total  number.  For  the  one  year 
1902  about  2.500  names  are  catalogued  of  which  about  120  or 
nearly  5  per  cent,  were  those  of  Americans, 

While  the  figures  mentioned  are  only  approximate  estimate's 
based  upon  a  single  source  of  information.  Schwalbe's  Jahresbe- 
richte, they  indicate  a  gratifying  increasing  interest  in  anat- 
omy in  this  country.  Yet  when  one  considers  the  size  of 
the  country  and  the  fact  that  probably  $750,000  or  more  is  spent 
each  year  in  medical  schools  and  biological  departments  on  the 
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subject,  it  may  readily  be  seen  that  in  mere  quantity  we  should  do 
more  than  5  per  cent,  of  the  world's  work  in  this  field.  In  quality 
I  fear  we  could  scarcely  claim  to  do  that  much.  A  large  number 
■of  the  American  contributors  in  the  above  table  have  written  pa- 
pers of  small  value  on  cases  of  abnormal  development  and  similar 
topics. 

From  1872  to  1881  the  most  productive  American  anatomists, 
judging  from  the  space  devoted  to  them  in  Schwalbe's  Jahresbe- 
richte,  were,  E.  D,  Cope  and  O.  C.  Marsh  in  paleoniology,  A. 
Agassiz,  H.  Allen  and  J.  Leidy  in  comparative  anatomy,  C.  S. 
^Minot  in  embrj'olog}',  and  T.  Dwight  in  human  anatomy.  Dur- 
ing the  next  decade,  1882-1891,  the  most  productive  men  were  G. 
Baur,  E.  D.  Cope,  O.  C.  INIarsh,  J.  Leidy,  and  W.  B.  Scott  in 
paleontolc^' ;  H.  Allen,  H.  Ayers,  J.  S.  Kingsley,  H.  F.  Osborn, 
and  R.  W.  Shufeldt  in  comparative  anatomy;  H.  Ayers.  W.  K. 
Brooks,  S.  H.  Gage,  F.  Mall.  C.  S.  Minot,  J.  A.  Ryder,  and  C.  O. 
\\'hitman  in  histolog}-  and  embr}-olog}- ;  H.  H.  Donaldson,  E.  C. 
Spitzka,  M.  A.  Starr,  and  B.  Wilder  in  neurology;  F.  Baker,  J. 
D.  Bryant,  and  T.  Dwight  in  human  anatomy.  During  the  de- 
cade 1892-1901  E.  D.  Cope,  J.  Leidy,  H.  Allen,  and  J.  A.  Ryder 
were  checked  in  the  midst  of  scientific  activity  by  death.  The 
other  workers  of  the  preceding  decade  continued  productive  dur- 
ing this  and  in  addition  the  names  of  several  other  active  investi- 
gators appear: 

In  paleontolog}-,  B.  Dean.  C.  R.  Eastman.  J.  B.  Hatcher,  F.  A. 
Lucas  and  H.  F.  Osborn ;  in  comparative  anatomy,  E.  P.  Allis, 
C  H.  Eigenmann.  H.  H.  Field,  O.  R  Hay,  W.  S.  Miller,  and 
G.  H.  Parker;  in  histology^  and  embr\^ology,  R.  G.  Harrison,  G. 
C.  Huber,  J.  B.  MacCallum ;  in  neurology.  H.  J.  Berkeley.  P.  A. 
Fish,  C.  J.  Herrick,  A.  Meyer,  W.  C.  Spiller,  and  E.  A.  Spitzka; 
in  human  anatomy  and  physical  anthropolog}'.  G.  A.  Dorsey,  and 
A.  Hrdlicka ;  and  in  invertebrate  embryolog}-  and  experimental 
morphology  E.  G.  Conklin.  C.  B.  Davenport.  F.  R.  Lillie.  J. 
Loeb,  L.  Loeb,  T.  H.  Morgan,  and  E.  B.  Wilson. 

AMERICAN    COXTRIBUTIOXS. 

From  this  brief  review  of  the  development  of  the  interest  in 
anatomv.  the  facilities  for  its  advancement,  and  of  the  names  of 
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leading  investigators  we  may  turn  to  a  consideration  of  the  con- 
tributions made  to  the  science  in  this  country. 

I  shall  not  attempt,  of  course,  to  review  all  the  contributions 
made  to  the  science  of  organic  structure  by  Americans.  Thou- 
sands of  papers  have  been  published  dealing  with  the  form, 
structure  and  the  development  of  various  species  of  animals  and 
plants,  living  and  fossil,  the  value  of  which  can  be  adequately 
judged  only  by  specialists  in  different  fields  of  zoology  and  botany. 
I  shall  try  merely  to  call  attention  to  some  of  the  more  recent  work 
in  fields  that  should  be  covered  by  a  department  of  anatomy  de- 
signed to  play  a  part  in  medical  education.  These  fields  should 
be,  I  think,  special  human  anatomy,  in  all  its  phases,  from  em- 
brylog}'  to  physical  anthropology ;  the  comparative  anatomy  of 
vertebrates,  and  more  especially  of  mammals ;  neurology ;  histol- 
ogy ;  embryology ;  general  morphology ;  and  the  technique  of 
anatomical  investigation  and  expression,  including  artistic  anat- 
omv. 

/.  Special  human  anatomy,^^ — Generations  of  gifted  investi- 
gators, teachers  and  writers,  in  the  three  centuries  and  a  half  that 
have  elapsed  since  the  death  of  Vesalius,  have  so  perfected  the 
subject  of  descriptive  systematic  and  topographical  human  anat- 
omy that  few  sciences  can  boast  of  text-books  and  hand-books, 
atlasses  and  models  so  exact  and  satisfactory.  There  are  s^ill 
open,  however,  several  fruitful  fields  of  investigation  in  this 
branch,  among  which  may  be  mentioned  the  statistical  study  of 
structural  variation  in  relation  to  race,  sex,  age  and  social  condi- 
tions, and  certain  fields  of  physiological  and  special  topographical 
anatomy. 

The  value  of  statistical  study  of  variation  has  long  been  recog- 
nized in  physical  anthropology^  and  numerous  studies  have  been 
made  of  variation  in  the  relative  proportion  of  length  to  width  of 
the  skull  and  similar  simple  external  structural  featvires,  in  order 
to  determine  racial  and  sexual  characteristics.  In  America  pio- 
neer work  in  physical  anthropolog}-  was  done  in  the  first  half  of 
the  nineteenth  century  by  S.  G.  Morton  of  Philadelphia,  of  whose 
collection  of  huamn  skulls  Agassiz  wrote  (Louis  Agassiz,  by  E.  C. 
Agassiz.     1885.     p.  417)  :     "Dr.   Morton's  unique  collection  of 
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human  skulls  is  also  to  be  found  in  Philadelphia.  Imagine  a 
series  of  six  hundred  skulls,  mostly  Indian,  of  all  tribes  who  now 
inhabit  or  formerly  inhabited  America.  Nothing-  like  it  exists 
elsewhere.  This  collection  alone  is  worth  a  journey  to  America." 
Pioneer  work  was  likewise  done  by  Dr.  D.  A.  Sargent  who  ex- 
hibited at  the  Chicago  world's  fair  in  1893  a  composite  statue  of 
the  American  college  boy  and  one  of  the  American  college  girl, 
each  based  on  measurements  of  a  large  number  of  individuals. 
H.  H.  Wilder  has  recently  contributed  a  most  valuable  paper  on 
duplicate  twins  and  double  monsters  in  which  he  has  shown  that 
even  the  finger  prints  of  duplicate  twins  are  duplicated. 

Recently  attention  has  been  turned  toward  variation  in  internal 
structure,  and  embryolog}-  and  comparative  anatomy  have  been 
called  upon  for  their  invaluable  aid. 

In  this  country  valuable  contributions  to  skeletal  variation  have 
been  made  by  Boas,  Dorsey,  Dwight,  Hrdlicka  and  others.  For 
the  layman,  who  has  given  up  belief  in  a  too  literal  interpretation 
of  Eve's  origin,  it  may  not  be  uninteresting  to  learn  that  23^  per 
cent,  of  people  have  only  eleven  ribs  and  2^  per  cent,  have  thir- 
teen, as  I  have  recently  found  from  a  statistical  study,  based 
upon  my  own  observation  and  those  of  several  other  investiga- 
tors. I  have  likewise  been  able  to  show  by  a  statistical  study  of 
variation  in  the  spinal  column  of  embyros  that  variation  there 
occurs  with  about  the  same  frequency  as  in  the  adult. 

Statistical  studies  have  likewise  been  extended  in  this  country 
to  the  blood  vessels  and  peripheral  nerves.  Thus  Walsch  some 
years  ago  made  an  extended  study  of  variations  in  the  brachial 
nerve-plexus  and  more  recently  A.  W.  Elting  and  I  have  studied 
variation  in  the  lumbo-sacral  plexus  in  relation  to  side  of  body, 
age,  sex  and  race.  In  this  instance  no  very  marked  features  were 
found  to  be  characteristic  of  these  different  conditions  but  Bean 
has  found  that  the  branches  of  the  subclavian  artery  in  the  in- 
fant differ  from  those  of  the  adult. 

Most  statistical  studies  on  internal  structural  variation  have 
been  confined  to  a  given  organic  system,  i.  e.  a  part  of  the  skeleton, 
a  group  of  blood  vessels  or  a  set  of  peripheral  nerves.  In  the 
studies  on  the  lumbo-sacral  plexus,  mentioned  above,  we  attempted 
a  co-ordinate  investigation  of  skeletal  variation  and  found  that 
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there  is  an  agreement,  though  imperfect,  between  variation  in  the 
spinal  nerves  which  supply  the  limb  and  variations  in  the  spinal 
column  with  respect  to  the  position  of  the  limb-skeleton.  These 
and  subsequent  studies  have  likewise  shown  that  there  are  areas 
of  the  body  in  which  structural  variation  is  frequent  and  exten- 
sive and  other  areas  in  which  it  is  less  common  and  less  in  amount. 
Thus  variation  at  the  junction  of  the  thoracic  with  the  lumbar  or 
lumbar  with  the  sacral  region  of  the  spinal  column  is  more 
marked  than  in  the  central  area  of  the  thoracic,  lumbar  or  sacral 
regions,  and  variation  in  the  distribution  of  the  peripheral 
cutaneous  nerves  is  especially  prominent  in  the  region  of  the 
junction  of  the  limbs  with  the  body  wall. 

A  great  value  of  this  general  line  of  work  is  that  it  may  be 
carried  on  in  the  dissecting  rooms  and  thus  while  the  students  are 
aided  by  a  consequent  quickening  of  their  attention  their  arduous 
studies  may  to  some  degree  be  utilized  for  science. 

Special  study  has  been  devoted  to  variation  in  the  form  of  the 
brain  in  relation  to  the  mental  activity  of  the  individual.  Don- 
aldson's study  of  the  brain  of  the  talented  blind  and  deaf  Laura 
Bridgeman  was  an  important  contribution.  B.  G.  Wilder,  at 
Cornell,  has  been  an  enthusiastic  leader  in  the  attempt  to  get 
brilliant  individuals  to  bequeath  their  brains  for  special  study  after 
death  and  has  accumulated  quite  a  collection  at  Ithaca.  Some  ot 
these  brains  he  has  already  described  at  length.  E.  A.  Spitzka  is 
engaged  upon  an  extended  study  of  the  comparative  anatomy  of 
the  brains  of  individuals  of  various  races  and  of  various  classes 
of  society  and  has  made  most  distinct  advances  in  this  line  of  work. 

Some  years  ago  a  number  of  prominent  scientists,  William 
Pepper.  Harrison  Allen,  J.  Leid'y,  F.  X.  Dercum.  and  E.  C.  Spitz- 
ka, formed  an  association  the  object  of  which  was  to  get  the 
members  to  pledge  their  brains  for  subsequent  anatomical  study. 
E.  D.  Cope,  A.  J.  Parker  and  Philip  Leidy  afterwards  joined  the 
society.  At  the  death  of  six  of  these  gentlemen  their  brains  were 
deposited  in  the  Wistar  Institute  at  Philadelphia.  For  some  time 
Dr.  E.  A.  Spitzka.  whose  previous  studies  on  the  relation  be- 
tween variation  in  brain  morphology'  and  mental  and  social  con- 
ditions has  especially  fitted  him  for  the  task,  has  been  engaged 
upon   a  comparative  study  of  these  brains.     He  has  discovered 
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that  the  corpus  callosum,  the  chief  fibre  mass  connecting  the  two 
halves  of  the  cerebrum,  is  much  better  developed  in  individuals 
with  a  high  mental  capacity  than  in  individuals  of  average  ability. 
R.  B.  Dean,  working  in  Professor  Mall's  laboratory,  has  discov- 
ered a  distinct  diflference  in  shape  between  the  brain  of  the  negro 
and  that  of  the  Caucasian. 

Real  contributions  to  the  teaching  of  human  anatomy  and  to 
the  care  and  preservation  of  material  for  the  dissecting  room  have 
likewise  been  made  by  Americans.  F.  D.  Weisse,  professor  of 
anatomy  at  the  University  of  New  York,  published  in  1886  a 
dissector's  guide  (Practical  Human  Anatomy)  thoroughly  origi- 
nal in  design  and  of  great  value,  but  unfortunately  not  appreci- 
ated. At  Columbia,  G.  H.  Huntington  has  organized  a  splen- 
did museum  of  comparative  vertebrate  anatomy  as  an  aid  to  the 
study  of  human  anatomy  and  has  devised  many  useful  methods 
for  demonstrating  special  preparations  to  students  engaged  in 
dissection.  Professor  Huntington  was  the  first  to  do  away 
wdth  didactic  lectures  to  beginning  students.  At  The  Johns 
Hopkins  University  F.  P.  Mall  has  introduced  the  use  of  small 
dissecting  rooms  where  two  or  three  groups  of  students  may 
dissect  more  quietly  than  in  the  old-fashioned  large  dissecting 
room,  has  devised  several  useful  aids  to  dissection,  has  done 
away  entirely  with  formal  didactic  lectures  on  descriptive  anat- 
omv  and  has  encouraged  the  students  to  dissect  carefully  and 
thoroughly  with  book  in  hand.  (See  F.  P.  Mall,  Anatomical 
Courses  at  the  J.  H.  U.  Bulletin  of  the  Johns  Hopkins 
Hospital,  :^Iay-June,  1896.)  The  use  of  charts  to  serve 
as  guides  to  the  student  in  his  drawing  of  dissected  parts  and  for 
recording  data  gathered  for  scientific  statistical  study,  and  the 
use  of  clay  modelling  in  the  study  of  the  bones  and  other  parts  of 
the  body  were  also  introduced  in  Professor  ^Mall's  laborator\%  and 
a  special  study  room  has  been  developed  w-here  students  may. 
study  at  leisure  frozen  sections  of  the  body,  dissected  parts  and 
special  preparations.  These  various  aids  to  teaching  have  to  a 
greater  or  less  extend  been  introduced  into  other  laboratories  in 
America.  Improvements  in  methods  of  instruction  have  been 
likewise  inaugurated  in  several  other  laboratories. 

The  use  of  cold  storage  for  the  preservation  of  anatomical  ma- 
terial is  an  American  contribution.     The  first  cold  storage  plant 
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to  be  used  to  preserve  dissecting  material  was  installed  at  Colum- 
bia University.  New  York.  Similar  plants  have  since  been  estab- 
lished in  a  large  nuniber  of  medical  schools.  While  not  neces- 
sary when  but  a  small  amount  of  material  must  be  kept  on  hand, 
these  plants  are  of  value  where  a  large  amount  of  material  must 
be  stored.  (See  A.  T.  Kerr,  The  Johns  Hopkins  Bulletin  XII, 
1901.     F.  P.  Mall,  ibid.,  1905.) 

To  the  subject  of  physiological  human  anatomy  comparatively 
few  contributions  have  been  made  by  Americans.  Original  work 
of  great  value,  however,  was  done  by  ^luybridge,  who  studied  by 
means  of  photography  the  movements  not  only  of  some  of  the 
domestic  animals  but  also  of  man  and  brought  to  light  many  new 
facts. 

A  number  of  American  investigators  have  studied  the  distribu- 
tion of  the  peripheral  nerves  in  man  from  the  standpoint  of  func- 
tion. Important  contributicns  to  this  subject  have  been  made  by 
M.  Allen  Starr.  L.  F.  Barker,  and  Harvey  Gushing. 

Americans  have  made  a  considerable  number  of  contributions 
to  the  topographical  anatomy  of  special  regions  which  are  of 
surgical  importance.  In  this  connection  should  be  mentioned  the 
work  of  M.  Broedel  who  has  done  so  much  to  raise  the  standards 
of  anatomical  illustration  in  this  country. 

A  department  of  anatomy  undoubtedly  should  have  a  professor 
of  artistic  anatomy  on  the  one  hand  to  offer  courses  to  artists 
seeking  knowledge  of  organic  structure,  and  on  the  other  hand 
to  train  investigators  in  the  technique  of  illustration. 

The  study  of  special  human  anatomy  has  been  extended  from 
the  gross  to  the  minute  anatomy  of  the  body.  \\'hile  knowledge 
of  the  specific  nature  of  all  of  the  human  tissues  is  of  special  inter- 
est to  pathologists  and  clinicians  who  desire  to  compare  normal 
with  diseased  structures,  the  greatest  interest  in  the  field  of  spe- 
cial human  microscopic  anatomy  and  histology  has  been  shown 
in  the  nervous  system 

H.  C.  Berkley  and  A.  ^Nleyer.  among  other  Americans,  have 
contributed  to  the  k-nowledge  of  the  structure  of  the  central 
"psvchical"  ner\-e  cells  of  man.  F.  R.  Sabin's  reconstruction  of 
the  medulla  of  the  child  is  a  widely  known  important  contribu- 
tion to  brain  anatomy.     The  work  done  by  Ingebert  in  Professor 
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Donaldson's  laboratoiy  at  Chicago  in  the  determination  of  the 
number  of  nerve  fibres  in  the  spinal  nerves  of  man  and  that  of 
Helen  Thompson  in  the  determination  of  the  number  of  nerve 
cells  in  the  human  cortex,  likewise  merit  special  mention. 

Accurate  descriptive  anatomy  of  human  embryos  is  of  import- 
ance to  human  anatomy  because  the  simpler  conditions  existing 
in  the  embryo  tend  to  explain  the  essential  amidst  the  complexity 
of  adult  anatomy.  Thus  JMall's  studies  of  the  development  of 
the  intestine  have  enabled  him  to  point  out  a  regularity  in  the  po- 
sition of  the  intestinal  folds  in  the  adult,  a  regularit}-  not  previ- 
ously recognized.  Professor  ^"ilall  has  at  Baltimore  probably  the 
most  complete  existing  collection  of  human  embryos  prepared  for 
microscopic  study.  He  has  done  much  to  introduce  into  this 
country  the  methods  of  reconstruction  by  means  of  wax  plates 
developed  by  Born  and  His  in  Germany.  In  his  laboratory  plastic 
reconstruction  of  embryonic  structures  has  been  extended  by  'Sla.W, 
Lewis,  Streeter  and  Bardeen  from  the  field  of  tlie  central  nervous 
system  and  viscera  studied  by  Born,  His.  and  others,  to  the  peri- 
pheral nervous,  muscular,  and  skeletal  structures.  Over  sixty 
papers  based  upon  his  collection  have  been  published. 

Special  mention  should  here  be  made  of  the  pioneer  work  of 
Professor  Alall  in  the  study  of  pathological  human  embryos,  a 
work  of  fundamental  importance  as  a  basis  for  a  scientific  terat- 
ology. 

Having  now  briefly  treated  of  some  modern  aspects  of  special 
human  anatomy  we  may  turn  to  a  consideration  of  comparative 
organic  anatomy. 

II.  Comparative  or^j^aidc  auafomy.^^' — Primarily,  we  have  seen, 
the  study  of  comparative  anatomy  arose  from  those  interested  in 
physiological  problems  who  turned  to  animals  for  knowledge  not 
readily  obtained  from  man.  Later  the  desire  to  base  the  classifi- 
cation of  animals  and  plants  upon  physical  characteristics  led  to 
the  development  of  ideas  of  type  structure  and  of  a  pure  science 
of  morphology  based  directly  upon  comparative  study  of  struct- 
ure without  regard  to  function.  Of  late  the  tendency  is  fortu- 
nately once  more  to  study  structures  from  their  two-fold  aspect  of 
form  and  function.     In  the  study  of  the  organs  we  may  compare 
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the  gross  general  structure  of  a  given  organ  as  it  appears  in  a 
series  of  animals  or  ^ve  may  seek  to  determine  the  essential  units 
of  structure  out  of  which  an  organ  characteristic  of  many  related 
animals  is  composed. 

The  majority  of  American  biological  investigators  have,  how- 
ever, until  recently  been  interested  in  structure  rather  from  the 
standpoint  of  form  characteristics  of  use  in  the  systematic  classifi- 
cation of  animals  than  in  the  comparative  anatomy  of  the  organs 
as  a  basis  of  a  rational  comparative  physiological  anatomy.  The 
skeleton  and  teeth,  because  of  their  value  in  systematic  classifica- 
tion and  in  paleontology,  have  thus  received  the  bulk  of  attention. 
L.  Agassiz.  G.  Baur.  E.  D.  Cope,  J.  Leidy.  O.  C.  ^larsh.  H.  F. 
Osborn,  W.  B.  Scott.  R.  W.  Shufeldt.  and  S.  \\'.  Williston  are 
among  those  who  have  contributed  most  to  this  subject.  E.  D. 
Cope  has  been  called  by  a  leading  American  biologist,  the  fore- 
most anatomist  since  Cuvier.  J.  K.  Thatcher's  theory  of  the 
comparative  anatomy  and  development  of  the  limbs  is  one  of  the 
most  highl}"  valued  of  American  contributions  to  morpholog}-. 

There  is  a  growing  interest  in  the  comparative  anatomy  of  sys- 
tems of  organs  other  than  the  skeletal.  Among  the  leaders  in 
this  study  may  be  mentioned  S.  H.  Gage.  G.  S.  Huntington.  J.  S. 
Kingsley.  J.  P.  MacMurrich.  C.  F.  W.  ^^IcClure.  W.  S.  ^^liller  and 
C.  S.  ]\Iinot.  The  work  on  the  comparative  anatomy  of  the  • 
nervous  system  I  shall  speak  of  later. 

The  comparative  study  of  organic-units  is  of  more  recent  de- 
velopment than  that  of  the  organs  themselves.  In  some  struct- 
ures, like  the  voluntary  muscles,  the  individual  cells  seem  to  be 
the  only  definite  units  of  structure.  In  other  organs  the  compo- 
nent tissue  may  be  resolved  into  a  vast  number  of  more  or  less 
distinct  units,  each  of  which  in  turn  is  composed  of  cells  arranged 
with  definite  relations  to  vascular  and  other  structures.  !Many 
glands,  like  the  liver  and  pancreas,  may  readily  be  seen  to  be  thus 
made  up,  while  in  other  organs,  like  the  spleen,  it  is  more  differ- 
ent to  recognize  the  units  of  structure.  F.  P.  Mall  has  been  a 
leader  in  the  investigation  of  these  structural  units.  J.  L.  Flint  has 
done  much  to  extend  the  knowledge  of  their  supporting  frame- 
work. G.  C.  Huber  has  added  most  materially  to  the  knowledge  of 
the  structure  of  the  kidnev  and  other  glands.    Warthin  has  discov- 
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ered  that  the  lymph  nodes  may  be  resolved  into  two  classes  with 
intermediary  forms,  the  true  lymph  glands,  and  the  hemolymph 
glands.  One  of  the  most  important  contributions  yet  made  in  this 
field  is  that  of  Professor  Miller,  who  was  the  first  definitely  to 
determine  the  true  nature  of  the  organ  units  of  the  lung. 

///.  Histology.*^ — The  study  of  the  tissues  is  closely  associated 
with  that  of  organology.  To  this  subject  Americans  have  made 
several  important  contributions.  Of  these  perhaps  the  most  im- 
portant is  the  discovery  by  F.  P..  IMall  of  a  new  kind  of  fibrous  sup- 
porting tissue  which  he  called  reticulum.  The  discovery  of  an 
element  of  this  kind  in  anatomy  is  equivalent  to  the  discovery  of  a 
new  chemical  element  in  chemistry.  Previously  only  two  kinds 
of  fibrous  connective  tissue  were  recognized,  the  white  non- 
elastic,  and  the  yellow  elastic.  Recently  by  a  process  of  differ- 
ential staining  ^lallory  has  added  a  fourth  to  this  group.  Kyes, 
Flint,  and  Mall  have  done  much  to  extend  our  knowledge  of 
reticulum  as  the  supporting  framework  of  many  glands.  R.  R 
Bensley  has  done  beautiful  work  in  the  stndy  of  the  nature  of  the 
epithelium  of  the  alimentary  canal;  Chittenden,  Eycleshymer, 
Gage,  Huber,  and  others  have  added  to  the  knowledge  of  muscle, 
Minot  and  I\Iall  to  that  of  the  blood  vessels.  Although  in  1876 
Packard  could  write  that  up  till  then  no  attention  had  l>een  paid  in 
biological  monographs  to  histology,  today  the  work  done  in 
America  certainly  compares  favorably  with  that  done  in  Europe. 

An  important  part  in  histology  is  played  by  methods  of  tech- 
nique used  in  preparing  tissues  for  microscopic  examination. 
Minot  has  contributed  largely  to  this  by  the  development  of 
microtomes  for  cutting  thin  sections,  and  Delafield,  Van  Giesen, 
and  Mallory  by  the  invention  of  several  important  methods  of 
staining.  Mallory  introduced  the  use  of  carbon  dioxide  as  a 
means  of  freezing  tissues  for  sectioning  and  Cullen  the  use  of 
formaline  for  hardening  frozen  sections  so  that  they  may  be 
stained. 

R.  R.  Bensley  and  L.  F.  Barker  have  discovered  useful  micro- 
chemical  methods  for  the  determination  of  iron  in  the  tissues. 
F.  P.  Mall  has  developed  extensively  the  use  of  artificial  digestion 
as  a  method  of  tissue  differentiation. 
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IJ\  Cytology."^- — The  importance  of  an  understanding  of  the 
physical  nature  of  the  Hving  units  of  organic  structure  has  led  to  a 
special  study  of  the  cell.  It  is  here  that  hotanists  and  zoologists 
find  themselves  upon  a  common  ground,  because  in  the  most 
essential  features  annual  and  vegetable  cells  are  similar  in  struct- 
ure. A  great  number  of  American  investigators  have  contrilnited 
to  the  subject.  Processor  E.  B.  Wilson  has  written  a  text- 
book on  "The  Cell"  that  stands  perhaps  at  the  head  of  the  books 
that  have  been  written  on  that  subject.  The  chief  cytological 
studies  have  been  carried  out  on  the  sex  cells  and  on  nerve  cells, 
and  hence  we  ma}'  pass  on  to  a  consideration  of  embryology  and 
neurology. 

V.  Embryology.'^" — Embryology  has  attracted  a  great  num- 
ber of  modern  American  investigators.  The  contributions  to  the 
subject  concern  the  formation  of  the  sexual  cells,  the  spermatozoa 
and  the  ova,  the  conjugation  of  these  cells  and  the  earlv  stages  of 
structural  differentiation,  the  formation  of  the  various  organs  of 
the  embryo,  and  the  accompanying  development  of  the  complex 
tissues  of  the  adult  from  the  simple  tissues  of  the  embryo. 

It  would  be  absurd  here  to  try  to  enter  into  a  description  of 
the  vast  amount  of  work  that  has  been  done  by  Americans  along 
these  lines.  The  work  done  here  compares  favorably  with  that 
done  in  any  other  country.  The  first  to  develop  active  interest 
in  modern  methods  of  the  study  of  vertebrate  embryology  in  this 
country  were  C.  S.  Minot,  J.  Ryder,  and  C.  O.  Whitman.  Minot 
has  contributed  one  of  the  most  important  text-books  on  verte- 
brate embryology  yet  written,  and  has  established  at  the  Harvard 
Medical  School  the  most  complete  existing  collection  of  verte- 
brate embryos  prepared  for  microscopic  study.  This  collection 
has  already  served  as  the  basis  of  many  important  contributions, 
and  is  likely  to  prove  of  the  greatest  value  for  many  years  to 
come.  Among  those  who  have  charge  of  laboratories  where  the 
greatest  amount  of  research  in  comparative  embryology  is  being 
done  may  be  mentioned  C.  O.  Whitman  and  E.  R.  Lillie.  Chi- 
cago; E.  G.  Conklin,  Pennsylvania;  G.  C.  Huber,  Michigan; 
S.  H.  Gage,  Cornell;  F.  P.  Mall,  Johns  Hopkins;  E.  L.  Mark 
and  C.  S.  Minot,  Harvard;  J.  S.  Kingsley,  Tufts;  T.  H.  Mor- 
gan and  E.  B.  Wilson.  Columbia. 
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Of  the  more  fundamental  American  work  in  the  field  of  com- 
parative vertebrate  embryology  mention  may  be  made  of  that  of 
!Minot  and  Lee  on  the  foetal*  membranes,  of  ^linot  and  his  pupils 
on  the  blood  vessels,  especially  of  his  formulation  of  the  concep- 
tion of  sinusoids,  or  vascular  spaces  which  arise  from  the  ingrowth 
of  glandular  tissues  into  blood  vessels  during  embryonic  develop- 
ment, of  F.  R.  Sabin's  work  on  the  development  of  the  lymphatics 
from  the  veins,  of  [NlacCallum's  on  the  arrangement  of  the  mus- 
culature of  the  heart,  of  Huber  on  the  development  of  various 
glands,  of  ^lall  on  the  histogenesis  of  the  connective  tissues  and 
of  various  organs,  of  Harrison  on  the  histogenesis  of  the  peri- 
pheral nerves,  of  MacCallum  and  Eycleshymer  on  the  histogenesis 
of  muscle  and  of  W.  S.  ]\Iiller  on  the  lungs. 

J 'I.  Xeiirologx.**^ — The  predominating  importance  of  the  nerv- 
ous system  in  the  animal  economy  has  led  to  so  much  special  work 
on  the  gross  and  minute  comparative  anatomy  and  the  physiology 
of  the  nervous  system  as  to  give  rise  to  a  special  branch  of  science 
called  neurology.  In  addition  to  the  special  study  of  the  human 
nervous  system,  comparative  studies  on  the  gross  and  minute  anat- 
omy of  the  peripheral  and  central  nervous  systems  and  organs  of 
special  sense  have  been  made  by  many  Americans.  Without  at- 
tempting here  to  summarize  these  various  contributions  or  their 
value,  I  shall  merely  call  attetnion  to  some  of  the  more  important 
work  of  Americans.  In  L.  F.  Barker's  ''The  Nervous  System," 
(1899),  full  justice  is  done  American  workers. 

H.  D.  Schmidt  and  A.  J.  Lanterman  discovered  the  segments 
in  the  medullary  sheath  of  the  nerve  fibre  which  are  Icnown  by 
their  names.  E.  A.  Birge  some  twenty  years  ago  pointed  out  the 
correspondence  in  number  between  the  motor  cells  in  a  given 
segment  of  the  spinal  cord  and  the  medullary  fibres  of  the  corre- 
sponding nerve  root.  In  H.  H.  Donaldson's  laboratorv^  at  Chi- 
cago statistical  methods  of  determining  the  relations  of  nerve 
fibres  to  nerve  cells  and  to  various  peripheral  structures  have 
brought  to  light  many  important  facts.  In  this  laboratory  like- 
wise valuable  work  is  being  done  in  the  determination  of  the 
effects  of  starvation  and  similar  factors  on  the  development  of 
the  nervous  svstem.     In  fishes  and  amphibia  O.  S.  Strong.  C.  J. 
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Herrick,  and  J.  B.  Johnston  have  determined  the  morphological 
distribution  in  the  cranial  nerves  of  various  component  sets  of 
nerve  fibres  each  of  which  has  specific  functions  to  perform. 
H.  C.  Berkley  was  the  first  to  apply  successfully  the  Golgi  method 
of  impregnation  to  the  study  of  nerve  endings  in  the  viscera ;  C.  F. 
Hodge,  once  a  member  of  the  biological  staff  here,  was  the  first 
to  study  the  effect  of  fatigue  on  the  nucleus  of  the  nerve  cell ; 
G.  C.  Huber.  one  of  the  first  to  apply  the  newer  methods  of  stain- 
ing to  nerve  endings  in  muscle,  and  P.  Sargent  has  opened  up 
several  interesting  lines  of  work.  Loeb's  monograph  on  the  phys- 
iolog}'  of  the  nervous  system  contains  original  theories  concern- 
ing structure  as  well  as  function.  Howell  and  Huber  have  con- 
tributed important  papers  on  the  regeneration  of  nerves.  Mal- 
lory,  Huber.  Ingebert.  and  others  have  made  additions  to  our 
knowledge  of  neuroglia.  And  so  I  might  continue;  but  the  list 
of  American  contributions  to  comparative  neurology^  is  too  long 
for  it  to  be  possible  to  do  justice  to  all  in  this  discussion. 

['//.  Experimental  morphology.*^ — Along  with  the  descrip- 
tive study  of  embryological  development  there  has  grown  up, 
largely  within  the  past  twenty  years,  a  field  of  study  of  even  more 
fascinating  interest,  the  experimental  study  of  the  factors  which 
determine  form  and  tissue  differentiation.  In  the  study  of  the 
healing  of  wounds,  surgeons  have  for  ages  had  occasion  to  test 
the  formative  power  of  various  parts  of  the  human  body.  For 
over  a  century,  biologists  have  been  acquainted  with  the  wonder- 
ful restorative  powers  possessed  by  certain  of  the  lower  organ- 
isms. But  it  was  not  until  Pfliiger  and  Roux,  early  in  the 
eighties,  published  their  experiments  on  the  developing  ovum  of 
the  frog,  that  the  attention  of  zoologists  was  turned  to  the  great 
value  of  accurate  experimental  study  of  the  formative  potentiality 
of  organic  structures.  In  the  development  of  this  field  of  work 
Americans  have  played  a  foremost  part.  Among  them  may  be 
mentioned  E.  G.  Conklin,  C.  B.  Davenport.  R.  G.  Harrison,  F.  R. 
Lillie,  W.  H.  Lewis,  J.  Loeb.  T.  H.  Morgan,  and  E.  B.  Wilson. 

I  can  here  merely  mention  a  few  of  the  directions  which  these 
experimental  studies  have  taken. 

First  there  has  been  an  attempt  to  determine  to  what  extent 
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formative  potentialities  are  localized  in  the  ovum,  and  it  has  been 
shown  that  while  in  some  organisms  definite  areas  of  the  ovum 
are  capable  of  developing  approximately  merely  the  structures 
which  would  arise  from  them  in  normal  development,  small  parts 
of  the  ova  of  other  organisms  are  capable  of  giving  rise  to  sym- 
metrically perfect  embryos.  Thus  a  cjuarter  of  the  ovum  of  a  sea 
urchin,  which  under  normal  circumstances  would  give  rise  to  a 
definite  area  of  the  body,  may,  if  isolated  under  proper  condi- 
tions, give  rise  to  a  complete  larva  one-fourth  the  normal  adult 
size.  Wilson,  Morgan,  Conklin,  and  Lillie  have  been  among  the 
leaders  in  this  field  of  work.  (See  E.  B.  Wilson,  Science,  Feb. 
24,  1905.) 

Another  line  of  study  has  been  that  of  the  regenerative  capa- 
city of  the  lower  organisms  and  the  internal  and  external  factors 
concerned.  Morgan  has  been  a  leader  in  the  field  and  his  mono- 
graph is  a  standard  work.  F.  R.  Lillie.  F.  Peebles.  C.  M.  Child, 
H.  W.  Rand,  and  C.  Zeleny,  among  others,  have  contributed  ex- 
tensively to  the  subject. 

J.  Loeb.  who  though  a  German  by  birth,  is  by  adoption  an 
American  and  in  both  inventiveness  and  intensity  of  application  a 
truer  American  than  many  of  his  fellow  workers,  may  be  counted 
the  most  original  biological  investigator  in  America.  Among  the 
important  contributions  which  he  has  made  to  experimental  mor- 
phology may  be  mentioned  his  work  on  hetcromorphosis  or  the 
phenomena  which  some  organisms  show  of  regenerating  in  place 
of  lost  parts  new  parts  unlike  those  lost,  a  head  in  place  of  a  tail 
for  instance,  and  his  well  known  discovery  of  artificial  partheno- 
genesis brought  about  by  altering  the  physical  or  chemical  nature 
of  the  media  surrounding  unfertilized  ova. 

The  efifects  of  heat  and  light  on  development  have  been  studied 
by  Davenport,  Loeb,  Tower,  Edwards.  Greeley,  and  others ;  the 
effects  of  the  Roentgen  rays  in  checking  development  in  ova  and- 
regeneration  in  organisms  by  Gilman.  Baetjer.  and  Bardeen ;  and 
on  the  skin  and  other  tissues  of  the  higher  organisms  by  Pusey 
and  Caldwell  and  others. 

Tadpoles  have  been  much  utilized  for  the  experimental  deter- 
mination of  the  power  of  correlative  differentiation  in  the  em- 
brvo  and  of  organs  to  develop  in  unusual  situations.   R.  G.  Har- 
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rison  has  shown  that  the  sense  organs  of  the  lateral  line  and  the 
musculature  may  develop  independently  of  ner\-es;  W.  H.  Lewis 
that  if  the  rudiment  of  the  optic  vessicle  be  placed  in  some  other 
region  than  the  head  it  may  stimulate  the  differentiation  of  a 
crystalin  lens  from  the  epithelium  of  that  region.  F.  R.  Lillie 
and  F.  Peebles  have  made  important  experiments  on  the  effects 
of  mutilation  of  parts  in  the  developing  chick.  R.  G.  Harrison, 
W.  H.  Lewis,  and  T.  H.  Morgan  have  made  interesting  studies 
on  the  grafting  of  a  part  of  the  body  of  a  tadpole  of  one  species 
to  that  of  another  species. 

In  the  higher  organisms,  such  as  the  mammals,  conditions  of 
development  preclude  extensive  mechanical  experimentation  on 
the  developing  embryo.  After  birth,  although  the  powers  of  re- 
generation of  complex  organs  like  the  arms  or  legs  or  head,  char- 
acteristic of  some  invertebrates,  is  no  longer  found,  there  is  a 
high  capacity  of  regeneration  of  peripheral  ner\'-es,  of  blood  ves- 
sels and  of  most  of  the  tissues  of  the  body.  In  many  respects  the 
best  work  that  has  yet  been  done  on  ner\-e  regeneration  is  that  of 
Howell  and  Huber.  F.  P.  ^lall  has  performed  some  fundamental 
experiments  on  the  regeneration  and  regulation  of  the  tissues  of 
the  intestine  after  section.  L.  Loeb  has  executed  some  impor- 
tant experiments  on  tissue  transplantation.  American  surgeons 
have  made  numerous  contributions  to  the  subject  of  wound  heal- 
ing. But  I  have  not  at  present  time  to  enter  further  into  details 
concerning  this  important  line  of  work. 

The  eft'ect  of  physiological  activity  on  the  structure  of  cells  was 
inaugurated  by  C.  F.  Hodge's  experiments  on  the  effects  of 
fatigue  on  nerve  cells.  P.  K.  Gilman  has  shown  a  similar  effect 
on  the  nuclei  of  muscle  cells. 

VIII.  Teratology.  Experimental  morphology-  is  essentially 
experimental  pathology  since  it  is  impossible  to  experiment  on 
the  living  substance  without  subjecting  it  to  abnormal  conditions. 
In  the  great  laboratory  which  nature  conducts  very  abnormal 
forms,  monstrosities,  are  not  infrequently  produced.  The  study 
of  these  organisms  that  have  failed  to  develop  in  a  normal  man- 
ner, often  throws  light  on  the  factors  at  play  in  normal  develop- 
ment. The  study  of  teratology  is  therefore  quite  as  important  to 
the  student  of  normal  as  to  the  student  of  pathological  anatomy, 
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\\'e  have  many  descriptions  of  isolated  instances  of  malformation 
of  animals  in  this  country  although  no  American  until  recently 
has  handled  the  subject  in  a  broad  spirit.  H.  H.  Wilder  is  at 
present  making  most  valuable  studies  of  double  monsters. 

IX.  ]\viation  and  heredity. ^^ — Lastly  I  wish  to  touch  briefly 
upon  a  field  of  biological  investigation  which  in  many  aspects  lies 
within  the  province  of  the  anatomist.  In  speaking  of  human 
anatomy  I  showed  that  a  most  important  line  of  work  is  the  study 
of  structural  variation  in  races  and  individuals.  It  is  well  known 
that  certain  structural  peculiarities  like  six  fingers,  or  function- 
less  ears*  tend  to  run  in  families.  Statistical  studies  of  inheri- 
tance of  characteristic  structures  and  functions,  first  carried  out 
on  a  large  scale  by  Galton.  have  been  extended  from  man  to  the 
lower  animals  and  plants,  and  have  thrown  much  new  light  on 
organic  development.  One  of  the  foremost  investigators  in  this 
field  is  C.  B.  Davenport,  who,  through  his  own  work  and  that 
which  he  has  inspired  in  others,  has  brought  large  and  fertile 
areas  under  cultivaton.  The  experimental  study  of  inheritance 
through  carefully  controlled  breeding  experiments  has  likewise 
received  notable  contributions  from  American  investigators, 
among  the  foremost  of  whom  stand  C.  O.  Whitman.  C.  B.  Daven- 
port, and  W.  E.  Castle.  The  effects  of  hybridization  on  the 
germ  cells  have  been  followed  by  M.  P.  Guyer,  W.  H.  Moenk- 
haus,  and  W.  S.  Sutton. 

My  time  is  growing  short.  I  have  but  imperfectly  sketched 
various  fields  of  work,  from  simple  descriptive  human  anatomy 
to  experimental  studies  of  inheritance,  which  properly  come 
within  the  province  of  anatomy  and  toward  the  cultivation  of 
which  an  anatomical  laboratory  run  on  a  broad  scale  should  con- 
tribute. Anatomy  like  all  the  other  sciences  is  simultaneously 
advanced  by  workers  in  many  countries.  In  singling  out  some 
of  the  contributions  made  here  I  have  merely  wished  to  show 
that  American  workers  constitute  an  important  factor  in  the 
present  progress  of  the  science. 

In  this  progress,  work  done  in  the  laboratories  at  this  univer- 


*The  work  of  Alex.  G.  Bell  on  the  inheritance  of  deafness  is  one  of  fhei  best 
statistical  biological  studies  that  has  ever  appeared. 
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sity  has  constituted  a  distinct  element.  We  hope  to  see  the  part 
played  by  Wisconsin  a  yet  greater  one ;  the  laboratories  and  facili- 
ties of  the  new  department  become  a  center  of  attraction  for  those 
desirous  of  doing-  advanced  work  in  anatomy ;  museums  and  a  li- 
brary developed  that  may  be  looked  to  with  confidence  by  anyone 
desirous  of  the  most  accurate  information  concerning  organic 
structure ;  courses  of  instruction  maintained  capable  of  developing 
the  power  of  accurate  observation,  deep  insight  and  broad  grasp. 
In  these  aims  we  are  sure  of  a  stimulating  union  with  the  other 
scientific  departments  of  the  university. 
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1,   (p.  87).     BIOLOGY  AT  WISCONSIN. 

The  development  of  the  study  of  the  biological  sciences  at  the  Uni- 
versity of  Wisconsin  is  indicative  of  the  general  progress  in  this  field 
during  the  past  thirty  years  in  this  country.  Prior  to  1875  didactic 
lectures  had  been  given  in  '  natural  history,"  and  for  a  time  in  physiol- 
ogy and  hygiene,  and  in  comparative  anatomy  and  entomology.  In 
1875  E.  A.  Birge  became  instructor  in  zoology  and  offered  laboratory 
work.  In  1877  a  •'Science  Hall"  was  built  at  a  cost  of  $80,000.  In  this 
building  the  various  sciences  were  accommodated  and  laboratoi'y  in- 
struction was  offered  in  zoology  and  botany.  These  two  departments 
grew  rapidly.  In  1881  courses  in  histology  and  embryology  were  be- 
gun. In  1884  the  overcrowded  "Science  Hall"  burned  and  in  1887  the 
present  "Science  Hall"  together  with  special  buildings  for  chemistry, 
a  heating  plant,  and  machine  shops,  were  finished  at  a  total  cost  of 
$345,000.  In  the  new  building  zoology  and  botany  were  given  much 
better  quarters  and  better  eciuipment  than  of  old,  an  excellent  course 
preparatory  to  the  study  of  medicine  was  established,  and  opportunity 
for  advanced  work  and  research  was  offered.  Since  1892,  W.  S.  Miller 
has  done  much  to  develop  vertebrate  anatomy.  Bacteriology,  at  first 
given  by  Professor  Birge,  became  in  1893  a  separate  department  under 
the  charge  of  Professor  Russell. 

The  rapid  growth  of  the  scientific,  as  well  as  of  the  other  depart- 
ments of  the  university,  soon  caused  the  new  Science  Hall  to  be 
over-crowded.  Some  relief  was  felt  when  in  1901  the  College  of  Engin- 
eering, which  up  to  this  time  had  been  housed  in  Science  Hall,  was 
provided  with  a  special  building.  In  1902-3  the  spacious  attic  of 
Science  Hall  was  remodelled  in  such  a  way  as  to  provide  quarters  for 
a  botanical  green  house  and  for  an  attractive  set  of  laboratories  for 
human  anatomy,  and  in  1904  a  department  of  anatomy  was  established. 
The  building  is  much  over-crowded,  however,  and  soon  provision  must 
be  made  for  housing  elsewhere  one  or  more  of  the  six  departments, 
physics,  geology,  botany,  zoology,  anatomy  and  psychology,  now  quar- 
tered in  it,  as  well  as  for  the  department  of  physiology  soon  to  be  estab- 
lished. 

Thirty  years  ago  one  man,  R.  H.  Brown,  was  the  only  instructor  in 
natural  history.  Trventy  years  ago  Professor  E.  A.  Birge  was  the  only 
instructor  in  zoology,  and  Professor  W.  Trelease,  the  only  Instructor 
in  botany.     Ten  years  ago  there  were  two  Instructors  in  addition  to 
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Professor  Birge  in  the  zoological  department,  Professor  Barnes  and 
L.  S.  Cheney  were  instructors  in  the  botanical  department,  and  H.  L. 
Russell  had  charge  of  bacteriologj\  Today  the  following  men  are  on 
the  staffs  of  the  biological  departments  of  the  university. 

Zoology:  Professor  E.  A.  Birge,  Assistant  Professor  W.  S.  Marshall, 
G.  Wagner,  C.  T.  Vorhies. 

Anatomy:  Professor  C.  R.  Bardeen,  Associate  Professor  "W.  S.  Miller, 
Dr.  B.  M.  Allen,  Dr.  F.  Schmitter. 

Botany:  Professor  R.  A.  Harper,  Assistant  Professor  C.  E.  Allen, 
R.  H.  Denniston,  W.  G.  Marquette,  E.  W.  Olive,  J.  B.  Overton,  G.  M. 
Reed,  and  Miss  H.  Sherman. 

Bacteriology:  Professor  H.  L.  Russell,  Assistant  Professor  W.  D. 
Frost,  E.  G.  Hastings. 

In  addition  there  are  a  number  of  other  biologists  connected  with 
the  school  of  agriculture. 


2,   (p.  87).     DEFINITIONS  OF  ANATOMY. 

"Anatomy,  or  the  science  of  the  structure  of  organized  bodies." 
Owen,  Anatomy  of  Vertebrates,  London,  1866,  Vol.  I,  p.  6. 

"Anatomy,  a  science  the  province  of  which  Is  to  determine  the  con- 
struction, the  form  and  the  structure  of  organized  bodies,  i.  e.  of  bodies 
which  either  are  or  have  been  living."  W.  Turner,  Encyclopaedia 
Brittanica,  IX  Edition. 

"Anatomy  is  and  remains  the  science  of  the  structural  parts  of  the 
organism  and  of  the  laws  of  their  origin  and  transformation  whether 
these,  structural  parts  are  visible  to  the  naked  eye  or  only  through  the 
microscope."  A.  von  Koelliker.  Die  Aufgaben  der  Anatomische  In- 
stitute, Wiirzburg,  1884,  p.  5. 


'i,   (p.  SS).     UTIMATE    NATURE    OF    LIVING    SUBSTANCE. 

"Our  surest  knowledge  is  confined  in  the  main  to  structural  rela- 
tions, the  form  of  the  tissue  elements  with  which  the  phenomena  of 
consciousness  are  bound  up.  their  mutual  relations,  their  localizations 
in  the  brain.  To  trace  the  phenomena  back  to  basal  substances  and 
forces  is  not  possible:  we  know  merely  that  the  chemical  substances 
present  in  the  brain  come  into  play;  we  surmise  that  these  elements 
are  united  in  the  living  brain  into  the  most  complicated  bodies  of  our 
planet  but  at  present  we  know  only  products  of  decomposition  of  the 
psychical   substances:    and   thus  the   determinable  boundaries  of   this 
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field  of  natural  knowledge  still  lie  in  foggy  distance."     Flechsig,  Ge- 
hirn  und  Seele,  1896,  p.  11. 

"What  a  living  being  is  and  what  life  is  can  scarcely  be  truly  formu- 
lated in  a  short  definition,  only  this  may  be  said,  that  life  rests  in  a 
special  characteristic  organization  of  matter  and  that  with  this  or- 
ganization furthermore  special  processes  or  functions  are  bound  up 
such  as  are  never  found  in  lifeless  nature."  Hertwig,  Die  Entwick- 
lung  der  Biologie  im  19.  Jahrhundert,  Jena,  1900,  p.  4. 

"Undoubtedly  these  general  considerations  have  their  value  in  con- 
nection with  problems  with  which  we  are  dealing  only  in  the  thorough 
investigation  of  the  components  which  serve  to  distinguish  biological 
objects  from  chemical  objects.  We  sum  up  this  distinction  ordinarily 
in  the  word  I'fe.  If  we  inquire  into  the  parts  of  this  concept  which 
may  be  recognized  and  measured  we  find  the  following  to  be  true: 
Living  beings  in  the  first  place  are  not  stable,  but  on  the  contrary  are 
stationary  structures.  Rapid  changes  take  place  in  them  of  such  a 
nature  that  gain  and  loss  counterbalance  one  another  so  that  the 
w'hole  system  experiences  only  slow  changes  (which  are  almost  all 
periodic).  Since  all  physical  changes  may  be  represented  as  displace- 
ments of  different  kinds  of  energy  in  space  and  time  living  organisms 
are  characterized  by  the  fact  that  they  keep  their  condition  of  energy 
approximately  constant  in  its  nature  and  amount,  while  a  constant 
current  of  various  energies  flows  through  their  bodies.  According  ta 
the  general  laws  of  energy  this  can  take  place  only  in  such  a  way  that 
the  living  organism  takes  up  energy  of  a  higher  potential  and  gives  it 
off  at  a  lower  potential.  In  the  meantime  the  energy  has  been  used 
for  those  transformations  which  make  up  the  various  activities  of  life 
namely,  movements,  the  production  of  heat,  reproduction,  etc."  (Ots- 
wald,  W.:  The  Relations  of  Biology  and  the  Neighboring  Sciences, 
Univ.  of  Cal.  Pubs.,  Physiolog\%  Vol.  I,  No.  4,  p.  24.) 

"Living  organisms  are  chemical  machines,  made  up  essentially  ol! 
colloidal  material,  which  possess  the  peculiarity  of  developing,  pre- 
serving and  reproducing  themselves  automatically."  (J.  Loeb,  "Recent 
Development  of  Biology,"  Address,  Congress  of  Arts  and  Science,  St 
Louis,  Science,  Dec.  9,  1904.) 


4,   (p.  89).     GREEK  ANATOMY. 

For  details  concerning  the  ancient  Greek  anatomy  reference  may  be 
made  to  Neuburger  and  Pagal's  "Handbuch  der  Geschichte  der  Medi- 
cin,"  Jena,  1902;  Cams',  "Geschichte  der  Zoologie,"  and  to  the  numer- 
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ous  Other  books  which  have  been,  written  on   the  history   of  zoology 
and  medicine. 

5,   (p.  89).     SALERNUM. 

Vid.  F.  Merkel,  Verhandlung  der  Anatomische  Gesellschaft,  IX,  Basal, 
1895. 

One  of  th?  first  steps  in  the  revival  of  learning  in  Christian  Europe 
was  the  growth  of  a  great  medical  school  at  Salerniim  during  the 
eleventh  century  and  its  definite  organization  in  the  twelfth.  This 
school  represents  in  a  way  the  first  of  the  modern  universities.  Roger 
II,  in  1137,  instituted  the  first  state  examinations  in  medicine.  Even 
to  practice  surgery,  which  for  many  centuries  after  this  was  in  most 
countries  in  the  hands  of  barbsrs,  a  year's  attendance  at  lectures  on 
anatomy  and  surgery  was  required.  At  Salernum  the  medical  student 
took  a  preliminarj-  training  of  three  years  in  logic  and  language, 
studied  msdicine  and  surgery  for  five  years,  then  passed  an  examina- 
tion and  placed  himself  under  some  physician  for  practical  training. 
Those  acquainted  with  medical  education  will  recognize  at  Salernum 
in  the  Europe  of  the  dark  agcs,  nearly  a  thousand  years  ago,  a  higher 
general  standard  than  is  found  in  many  parts  of  the  United  States 
today.     (See  S.  S.  Laurie.  Rise  of  the  Universities.) 

The  school  at  Salernum  represented  a  survival  of  what  scientific 
medicine  had  managed  to  pass  through  the  vicissitudes  of  Italy  from 
the  third  to  the  twelfth  centuries,  although  its  history  can  by  no  means 
be  clearly  traced  back  of  the  tenth  century.  The  earliest  existing  rec- 
ords show  it  to  have  been  a  civil,  not  a  monastic  Institution.  Jews  were 
active  in  its  management.  Practical  anatomy  was  conducted  on  the 
pig,  which  was  deemed  at  that  time  most  nearly  of  the  lower  animals 
to  resemble  man  in  internal  structure.  An  anatomy  of  the  pig  was 
written  there.  During  the  twelfth  century  medicine  was  re-introduced 
from  Moorish  Spain  into  Christian  Europe.  The  school  at  Salernum 
was  greatly  influenced  by  this  movement  and  ultimately  was  crowded 
out  by  the  establishment  of  rival  schools  at  Montpellier,  Naples.  Bol- 
ogna and  other  universities.  But  the  pig  remained  the  classical  object 
for  anatomical  demonstration  for  over  two  centuries.  Today  it  is  once 
more  assuming  a  position  of  dignity  as  a  favorite  object  for  research 
and  instruction  in  mammalian  embryology. 

6,   (p.  90).     ANATOMY    IN    ITALY    PREVIOUS    TO    VESALIUS. 

During  the  fourteenth  and  fifteenth  centuries  help  was  gained  from 
the  painters  and  sculptors  of  the  period,  who  were  eager  to  learn  the 
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nature  of  human  structure  from  dissection  and  whose  influence  with 
the  Church  and  State  led  to  a  powerful  support  from  popes  and 
princes  which  otherwise  anatomy  might  not  have  enjoyed.  Under 
Paul  III  (1534-49)  a  school  for  anatomy  and  botany  was  erected  in 
Rome  and  a  living  for  the  prosector  was  guaranteed.  Another  source 
of  aid  came  from  the  literary  revival  of  this  period  and  from  the  art 
of  printing  which  did  so  much  to  make  possible  a  comparison  of  texts. 
In  the  fourteenth  century  there  are  said  to  have  been  but  nine  books 
at  Paris:  in  the  fifteenth,  eight  hundred  were  published.  The  Arabic 
anatomies  were  compared  with  the  original  Greek,  and  Aristotle  and 
Galen  came  into  great  favor.  But  the  critical  faculties  developed  by 
the  study  of  texts  led  more  and  more  to  a  study  of  nature,  when  the 
texts  failed  to  agree,  and  thus  to  new  knowledge.  (Vid.  Neuburger 
and  Pagel.  Handbuch.  der  Geschichte  der  Medicine,  Bd.  II,  Einleitung, 
where  these  ideas  are  developed  at  greater  length.) 

In  the  study  of  historical  periods  from  the  standpoint  of  an  environ- 
ment to  the  development  of  which  thousands  of  great  men  have  con- 
tributed earnest  lives  of  self-devotion,  it  is  difficult  to  prevent  a  feeling 
of  personal  superiority  over  those  v.'ho  lived  before  this  development 
took  place.  And  thus  we  of  today  are  apt  to  smile  at  the  childishness 
of  men  w^ho  for  centuries  taught  imperfect  ape  and  pig  anatomy  as 
that  of  man,  whose  ideas  of  the  relation  of  structure  to  function  have 
long  since  been  outgrown,  and  who  were  wont,  when  descriptions  read 
in  their  text-books  failed  to  agree  with  structure  seen,  to  apologize 
for  the  structure  and  deem  book  statement  true.  As  for  instance 
when  it  was  pointed  out  to  Sylvius  that  the  human  sternum  is  com- 
posed of  three  parts  while  Galen  described  it  as  composed  of  seven, 
Sylvius  said  that  doubtless  in  the  good  old  days  of  Galen  when  men 
were  heroes  the  sternum  was  composed  of  seven  bones  but  for  modern 
degenerate  man.  three  suflSced.  (Vid.  Merkel,  Anatomische  Gesell- 
schaft,  189.5.)  But  like  the  human  skeleton,  human  nature  has  re- 
mained much  the  same  during  at  least  all  historical  periods.  Even 
today  we  find  text-books  called  "human  histology,"  "human  embryol- 
ogy," and  "human  physiology,-,"  illustrated  largely  from  lower  animals, 
not  always  for  the  sake  of  comparison,  but  with  the  mistaken  idea  that 
such  illustrations  serve  well  enough  to  describe  human  structure  an^ 
function;  and  much  modern  biological  speculation  is  little  better  than 
the  fumosities  that  escaped  through  Mondinus's  skull.  Here  in  Amer- 
ica during  the  last  half  century  Gray  became  such  an  authority  on 
gross  human  anatomy  that  to  many  the  two  terms  have  seemed  syn- 
onj'-mous  and  thousands  of  students,  lacking  confidence  in  their  power 
to  see  for  themselves,  have  turned  away  from  apparent  imperfections 
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actually  found  in  human  structure  to  get  what  they  are  sure  must  be 
the  real  truth  from  Gray. 


7,   (p.  90).     VESALIUS. 

Roth's  biography  of  Andreas  Vesalius.  1892,  gives  a  most  interesting 
account  of  Vesalius  and  of  his  influence.  Of  the  predecessors  of  Vesa- 
lius. Leonardo  da  Vinci  seems  to  have  been  the  first  to  make  accurate 
anatomical  illustrations  and  some  historians  consider  him  the  true 
founder  of  modern  human  anatomy.  See  Jackschath,  '"Die  Begrund- 
ung  der  modemen  Anatomie  durch  Leonardo  da  Vinci,  etc."  Ver- 
handlung  der  Gesellschaft  deutscher  Xaturforscher  und  Aerzte,  Karls- 
bach,  1902.  A.  Forster  in  "Einiges  tiber  die  Beziehungen  Vesal's  zu 
Leonardo  da  Vinci  und  zu  Marc  Antonio  della  Torre,"  Archiv.  f.  An- 
atomie und  Physologie,  1904.  p.  197,  discusses  this  paper,  and  defends 
the  reputation  of  Vesalius. 


8,   (p.  91).     AXATOMY  IX  EXGLAXD. 

A  special  interest  attaches  to  the  development  of  schools  of  anatomy 
in  England  and  Scotland  because  these  schools  have  formed  the  chief 
model  for  cours9S  in  anatomy  offered  in  tEis  country.  Dr.  T\'.  "W. 
Keen  in  an  address  delivered  before  the  Philadelphia  School  of  An- 
atomy, a  school  closely  modeled  after  the  leading  London  school  of  a 
similar  nature,  gives  the  following  account  of  the  early  development 
of  practical  anatomy  in  England.  (A  Sketch  of  the  Early  History  of 
Practical  Anatomy,  Philadelphia.  1874,  pp.  12-15.) 

"England  was  among  the  first  to  profit  by  the  shining  example  [of 
Italy].  Soon  after  the  founding  of  the  College  of  Surgeons  in  1-540, 
through  the  influence  of  Dr.  Caius,  the  king's  physician,  and  the 
founder  of  Caius  College,  Cambridge,  Henry  VIII  granted  to  the  Col- 
lege of  Surgeons  the  privilege  of  dissecting  four  felons  annually,  and 
in  1564  Elizabeth  gave  the  same  privilege  to  the  College  of  Physicians. 
In  1581  the  latter  college  created  the  lectureship  on  anatomy,  and  in 
1583  built  in  Knight  Rider  Street  the  first  anatomical  theatre.  Here, 
in  1615.  Harvey  was  elected  lecturer,  or,  as  it  was  then  called,  reader, 
In  anatomy,  and  here  he  gave  his  first  public  demonstrations  of  the 
circulation  of  the  blood  about  a  year  later. 

"The  facilities  for  general  dissection,  however,  were  very  limited,  and, 
tis  if  to  discourage  it  still  further,  in  1745  a  fine  of  £10  was  imposed 
on  any  one  dissecting  outside  of  the  Barber-Surgeons'  Hall.     But  such 
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a  State  of  a^airs  could  not  long  exist.  The  profession,  under  the  lead 
of  William  Hunter,  soon  broke  away  from  such  bonds,  and  for  over 
half  a  century  almost  every  distinguished  anatomist  had  dissecting 
rooms  attached  to  his  private  dwelling,  where  he  and  his  pupils  cul- 
tivated the  science.  In  1770  William  Hunter  bought  a  lot  in  Great 
Windmill  Street,  London,  opposite  the  Haymarket,  and  built  on  it  a 
dwelling-house,  an  antomical  theatre,  dissecting  rooms,  and  a  museum. 
The  lecture-room  was  lighted  from  above,  and  the  seats  rose  as  in  our 
own  amphitheatres.  Here  he  lectured,  assisted  by  his  brother  John, 
by  Hewson,  and  by  Cruikshank,  till  his  death,  in  1783.  Here  he  col- 
lected his  splendid  museum,  now  in  Glasgow,  at  a  cost  of  £100,000, 
and  his  brother  John  began  his  own  collection,  which  cost  him  before 
its  completion  £70,000,  and  now  forms  the  chief  ornament  of  the 
Museum  of  the  Royal  College  of  Surgeons.  At  William  Hunter's  death 
the  anatomical  school  passed  into  the  hands  of  his  nephew,  Baillie,  and 
then  successively  to  Cruikshank,  Wilson,  Sir  Benjamin  Brodie,  Sir 
Charles  Bell,  and  Shaw,  and  finally  to  Mayo  and  Caesar  Hawkins. 
On  Mayo's  removal,  in  1833,  to  University  College  Hospital,  this  cele- 
brated school  came  to  an  end.  But  it  had  left  its  mark.  Thousands 
of  educated  anatomists  had  gone  forth  from  its  walls  to  practice  all 
over  Great  Britain  and  in  this  country.  It  furnished  William  Hunter's 
museum  to  Glasgow  in  1807,  John  Hunter's  to  the  Royal  College  of 
Surgeons,  London,  and,  later  still,  those  of  Wilson  and  Sir  Charles  Bell 
went  to  ornament  the  museum  of  the  College  of  Surgeons  of  Edin- 
burgh, and  that  of  Mayo  to  University  College,  London.  From  it  as 
a  foster-mother,  too,  along  with  the  institution  of  new  public  schools 
connected  with  the  hospitals,  many  other  private  schools  sprang  up, 
and  presented  the  finest  opportunity  for  the  diffusion  of  anatomical 
knowledge,  so  that  in  1825-6,  besides  the  hospitals,  there  were  no  less 
than  seven  such  private  schools  of  anatomy  in  London. 

"I  have  already  quoted  the  Edinburgh  act  of  1505,  which  allowed  of 
the  annual  dissection  of  a  criminal,  and  also  the  early  experience  of 
the  first  Monro,  which  shows  how  rarely  this  was  made  available. 
The  first  Scotch  anatomical  theatre  was  built,  and  the  first  public  dem- 
onstrations given,  in  1697.  But  it  was  not  till  1720  that  a  regular 
professor  was  appointed.  At  that  date  Monro  primus  was  elected 
professor,  at  the  extraordinary  salary  of  £15  per  annum!  From  this 
time  till  1859,  when  Monro  the  third  died,  the  history  of  Edinburgh 
anatomy  and  that  of  this  astonishing  family,  are  almost  identical. 
True,  John  Bell  and  Knox,  Charles  Bell,  Barclay,  Innes,  and  others, 
lectured  in  private  schools;  but  the  Monros  held  the  sceptre.  All  of 
them  lived  to  old  age,  Alexander  primus  dying  at  seventy,  Alexander 
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•secundns  at  eighty-four,  and  Alexander  tertius  at  eighty-six.  All  were 
professors  early  in  life;  at  twenty-three,  twenty-one,  and  twenty-five 
respectively.  All  of  them  taught  for  long  periods:  thirty-eight,  fifty- 
four,  and  forty-eight  years;  and  father,  son.  and  grandson,  they  held 
the  anatomical  chair  in  Edinburgh  from  1720  till  184(5.  a  period  of  one 
hundred  and  twenty-six  years!" 

9,  (p.  91).  ENTRANCE  OF  ANATOMY  INTO  RUSSIA. 

Into  the  western  countries  of  Europe  anatomy  was  extended  as  a 
natural  result  of  awakened  popular  intellectual  interests.  Into  Russia 
it  v/as  forced  by  the  arbitrary  will  of  Peter  the  Great.  Sunk  in 
superstitious  barbarism,  the  Russian  people  are  said  during  the  seven- 
teenth century  to  have  had  the  greatest  horror  of  dissection.  The 
Dutch  physician  Bremburg  went  to  Russia  in  1626  and  carried  with 
him  a  skeleton  for  study.  When  this  was  learned  he  was  almost 
lynched  by  the  people  and  had  to  leave  the  country,  (von  Topley, 
Neuburger  and  Pagel.  Handbuch  der  Geschichte  der  Medicine,  1902, 
Vol.  2,  p.  317.)  In  1697  Peter  made  his  memorable  journey  to  Holland. 
Here  he  studied  the  microscope  under  the  great  naturalist  Leeuwen- 
hoek,  and  human  anatomy  under  Ruysch,  whose  beautiful  cabinet  of 
anatomical  preparations  he  afterward  bought.  The  collection  is  in 
part  still  to  be  seen  in  the  Academy  of  Science  at  St.  Petersburg. 
Many  of  the  specimens  are  said  to  have  been  ruined  in  their  trip  from 
Holland  to  Russia  because  the  Russians  who  had  them  in  charge 
drank  up  the  alcohol  in  which  they  were  preserved.  Peter  founded  a 
military  hospital  at  Moscow  and  a  medico-surgical  school  at  St.  Peters- 
"burg,  and,  acting  under  the  advice  of  the  great  German  philosopher, 
Leibnitz,  left  the  plans  for  the  establishment  of  the  Academy  of  Sci- 
ence w'here  anatomy  has  since  been  cultivated  by  some  of  the  greatest 
of  its  students. 

10,   (p.  91).     ANATOMY   IN  GERMANY. 

The  following  table  shows  the  number  of  professors,  instructors  and 
servants,  and  the  amount  of  yearly  appropriation  for  the  anatomical 
and  physiological  institutes,  the  number  of  students  in  anatomical 
courses,  and  the  yearly  appropriation  for  laboratories  and  museums  of 
other  departments  in  the  German  universities  during  the  year  1892-3. 
Since  that  date  there  has  been  a  general  increase,  but  not  of  the  re- 
markable nature  v.-hich  is  to  be  seen  today  in  the  American  univer- 
sities.    From  1^91  to  1899,  for  instance,  the  number  of  "ordentliche" 
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professors  in  the  medical  faculties  increased  from  211  to  224,  and  the 
number  of  students  from  27,057  to  32,834.  At  Breslau,  the  yearly  ap- 
propriation for  the  anatomical  laboratory  for  1893  was  16,358  M.  In 
1903  it  was  25,478  M.     But  such  an  increase  is  unusual. 

This  table  is  based  primarily  on  data  ^ven  in  W.  Lexis,  "Die  deut- 
sche  Universitaten,"  1893.  See  also  Minerva  and  W.  Lexis,  'Die  deut- 
sche  Universitaten,"  1904. 

11,   (p.   91 ».     ANATOMICAL   PERIODICALS. 

"W'aldeyer  in  Merkel-Bonnet's  Ergebnisse  for  1902  reviews  178  period- 
icals devoted  in  part  or  wholly  to  anatomy. 

12,    (p.   92).     PHYSIOLOGY. 

H.  Boruttau  in  Xeuburger  and  Pagel's  Geschichte  der  Medicin,  Bd., 
II.,  p.  455,  gives  the  following  dates  of  the  establishment  of  separate 
physiological  institutes  in  the  German  universities: 

Breslau 1811  Marburg    1848 

Konigsberg    ....1849  Tiibingin    1853 

Kiel    1855  Heidelberg    ....1857 

Berlin    1858  Bonn    1859 

Jena    1860  Gottingen    1861 

Miinchen    1863  Leipzig    1865 

Rostock    1865  Wiirzburg    1865 

Freiburg    1867  Halle    1870 

Erlangen    1872  Greifswald    1872 

Strassburg    1872  Giessen    1891 


13,   (p.    96).     ANATOMY    AND    PHYSIOLOGY. 

Thus  Hertwig  ("Die  anatomische  Interricht,"  Jena,  1881.  p.  23) 
says: 

"With  all  this  one  should  not  lose  sight  of  the  fact  that  since  phys- 
iology has  become  independent  the  real  purpos?  and  the  immensely 
wide  and  still  rich  field  of  work  for  anatomists  is  morphology.  .  In  this 
lies  the  center  of  gravity  of  their  activity,  which  while  extended  out 
to  be  sure  to  wider  fields  at  the  same  time  must  not  be  quite  misplaced 
at  the  cost  of  morphology-  in  the  direction  of  physiology." 

Yet  both  in  this  article  and  elsewhere  Hertwig  recognized  that 
"every   division   of   a   science    into   special   fields,   as    for    instance   of 
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biologj"  into  anatomy  and  physiologj*,  is  an  artificial  one  and  one  not  to 
be  strictly  carried  through.  Structure  and  function  of  a  part  hang 
together  in  innermost  union  and  can  in  truth  be  understood  only 
■while  united. 

"As  unfounded  as  vitalism  is  the  mechanical  dogma,  that  life  with 
all  its  complicated  phenomena  is  nothing  else  than  a  chemico-physical 
problem."     (Hertwig,  "Biologie  im  19   Jahrhundert,"  Jena,  1900.) 

If  teleological  anatomy  were  to  be  avoided  by  physiologists  because 
physics  and  chemistry  are  limited  in  their  application  to  it,  and  by 
anatomists  because  it  is  not  a  pure  study  of  structure,  a  fertile  field  of 
study  would  be  neglected.  As  a  matter  of  fact  the  highly  developed 
and  important  subject  of  the  movements  effected  by  the  voluntary  mus- 
burgh,  and  that  of  Mayo  to  University  College,  London.  From  it  as 
cular  system  is  neglected  in  most  of  the  text-books  on  physiology  used 
by  Amt'rican  students  and  is  most  inadequately  treated  in  the  modern 
popular  text-books  of  anatomy. 

14,   (p.  97).     MEDICAL  SCHOOLS  IX  AMERICA  PREVIOUS  TO  THE 
PRESENT  REFORM. 

A  private  course  in  human  anatomy  was  offered  at  New  York  by 
Doctors  John  Bard  and  Peter  Middleton  as  early  as  1750,  and  one  by 
Thomas  Cadv.allader  at  Philadelphia  at  about  the  same  time.  In  1752- 
55  a  series  of  public  lectures  on  human  and  comparative  anatomy  and 
the  history  of  anatomy  was  given  at  Newport,  R.  I.,  by  Dr.  William 
Hunter,  a  relative  of  the  famous  English  anatomists,  John  and  William 
Hunter.  In  1762  Dr.  W.  Shippen  advertised  in  the  Pennsylvania  Ga- 
zette as  follows:  "Dr.  Shippen's  anatomical  lectures  will  begin  to- 
morrow evening  at  six  o'clock  at  his  father's  house  in  Fourth  St. 
Tickets  for  the  course  are  to  be  had  of  the  Doctor  at  5  pistoles  each, 
and  any  gentlemen  who  incline  to  see  the  subject  prepared  for  the  lec- 
tures and  learn  the  art  of  dissecting,  injection,  etc..  are  to  pay  o  pistoles 
more."  In  1765  Dr.  Shippen  and  Dr.  John  Morgan,  both  of  whom  had 
been  favorite  pupils  of  the  Hunters  in  London  and  had  later  gradu- 
ated at  Edinburgh,  organized  a  school  of  medicine  as  a  department  of 
the  Pennsylvania  College,  afterwards  the  University  of  Pennsylvania. 
Similar  institutions  were  organized  by  active  young  physicians  and  es- 
tablished in  connection  with  various  literary  colleges,  among  them  one 
at  Kings,  afterwards  Columbia  College,  New  York,  in  1768;  Harvard 
College.  Cambridge.  1783;  Dartmouth  College.  New  Hampshire,  1797; 
University  of  Maryland.  Baltimore,  1807:  Yale  College.  New  Haven, 
1810;  Brown  University.  Providence,  R.  I..  ISll;   Transylvania  Univer- 
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sity,  Lexington,  Ky.,  1817;  Bowdoin  College,  Portland,  Me.,  1820,  and 
the  University  of  Virginia  in  1822. 

In  1807  the  Regents  of  the  University  of  New  York  fathered  the  es- 
tablishment of  a  College  of  Physicians  and  Surgeons  at  New  York  City, 
and  in  1813  of  one  at  Fairfield,  N.  Y.  In  1823,  under  the  charter  of 
Williams  College,  the  Berkshire  Medical  Institute  was  established  at 
Pittsfield,  Mass.  In  1813  the  medical  department  of  Columbia  Univer- 
sity was  discontinued  and  the  faculty  passed  over  to  the  College  of 
Physicians  and  Surgeons. 

In  the  Harvard  catalogue  of  1846-7  an  interesting  account  is  given 
of  the  foundation  of  the  Harvard  school.  It  is  quoted  here  in  part  as 
an  example  of  the  method  of  establishment  of  these  early  schools: 
"Before  the  Revolution  no  medical  school  existed  in  Boston,  nor  in 
the  State  of  Massachusetts.  No  examinations  and  no  licenses  to  prac- 
tice were  established,  nor  any  other  means  by  which,  the  public  could 
l)e  assured  of  the  qualifications  of  a  medical  practitioner.  Th?re  were 
no  dissections,  and  even  examinations  of  the  bodies  of  deceased  per- 
sons were  rarely  permitted.  The  means  of  instruction  were  limited 
to  the  information  that  could  be  obtained  from  the  private  practice  of 
the  physician,  and  to  reading  the  very  few  books  which  he  might  have 
in  his  library.  Now  and  then  a  favored  individual  went  home  to  Eng- 
land, as  it  was  said,  to  walk  the  hospitals  of  London,  and  to  attend  lec- 
tures at  the  great  institution  at  Edinboro'.  Some  time  before  the 
Revolution,  in  1765.  a  medical  school  was  established  in  Philadelphia, 
and  afterwards,  in  1768,  one  in  New  Y''ork;  but  the  modes  of  traveling 
were  so  imperfect  that  these  cities  were  considered  almost  inaccessible 
from  this  part  of  the  country. 

"The  Revolutionary  War  supplied  abundant  opportunities  of  culti- 
vating practical  medicine  and  surgery,  and  the  murmurs  of  prejudice 
against  anatomy  were  not  heeded  amidst  the  bustle  of  the  camp  and 
the  cries  of  the  wounded.  Under  such  circumstances  were  found  many 
good  physicians  and  surgeons,  among  whom  was  Dr.  John  Warren,  of 
Boston. 

"This  gentleman  was  a  surgeon  in  the  army  from  the  battle  of  Bun- 
ker Hill  to  the  end  of  the  campaign  in  the  Jersies.  Being  then  com- 
pelled by  illness  to  quit  the  army,  he  settled  in  Boston,  was  there  ap- 
pointed Military  Hospital  Surgeon,  and  improved  the  opportunity  this 
situation  afforded  for  cultivating  the  study  of  anatomy  to  an  extent  till 
then  unknown  in  this  place.  In  1781  he  began  a  course  of  lectures  on 
Anatomy,  which  was  attended  by  physicians  in  practice,  and  by  a  few 
medical  students.  These  lectures  attracted  so  mucli  attention,  that  the 
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Government  oJ  Harvard  University  invited  Dr.  Warren  to  lecture  at 
Cambridge,  and  give  his  aid  in  the  formation  of  a  medical  school. 

'"This  school  was  established,  and  wsnt  into  operation  in  1783.  Dr. 
Warren  was  Professor  of  Anatomy  and  Surgery,  Dr.  Aaron  Dextsr  of 
Chemistry  and  Materia  Medica.  and  Dr.  Benjamin  Waterhouse  of  the 
Theory  and  Practice  of  Medicine.  The  lectures  of  these  gentlemen 
were  attended  by  medical  students  from  different  parts  of  New  Eng- 
land, usually  in  number  about  twenty,  and  also  by  those  members  of 
the  Senior  Class  of  the  University  who  obtained  the  consent  of  their 
parents.  The  opportunities  for  dissection  were  generally  limited  to 
one  subject  in  the  course,  and  the  efforts  required  to  carry  this  subject 
through  the  course,  at  the  time  when  Boston  did  not  communicate  with 
Cambridge  by  any  bridge,  were  very  great.  The  lectures  were  gener- 
ally from  two  to  three  hours  long  but  were  attended  steadily,  and 
listened  to  closely.  The  degree  of  Bachelor  of  Medicine  was  first  con- 
ferred in  1785,  and,  according  to  the  system  then  followed,  after  the 
lapse  of  seven  years  that  of  Doctor  of  Medicine. 

"Medical  instruction  continued  in  this  condition  until  the  year  1809. 
At  this  time  a  public  dissecting  room  was  opened  at  No.  49  Marlboro' 
street  by  Dr.  John  C.  Warren,  son  of  the  Professor  of  Anatomy,  who 
had  been  appointed  Adjunct  Professor  three  years  before,  viz.:  in  1806. 
The  demonstrations  and  dissections  given  at  that  period  were  attended 
by  most  of  the  younger  physicians  of  the  town,  and  by  some  medical 
students.  In  1809  Dr.  John  Gorham  was  chosen  Adjunct  Professor  of 
Chemistry. 

"As  Cambridge  did  not  afford  any  opportunities  for  seeing  medical 
and  surgical  practice,  the  number  of  students  there  did  not  materially 
increase,  and  it  was  proposed,  and  finally  arranged,  that  the  medical 
institution  should  be  transferred  to  Boston.  This  arrangement  was 
effected  on  the  condition  that  certain  Professors  should  give  lectures 
to  one  or  more  classes  at  Cambridge.  A  course  on  Human  and  Com- 
parative Anatomy  has  accordingly  been  given  annually  in  the  spring 
by  the  Professor  of  Anatomy,  and  a  course  of  Hygiene  by  the  Pro- 
fessor of  Medicine." 

The  early  schools  were  established  primarily  on  the  plan  of  the  Eng- 
lish and  Scotch  medical  schools  and  were  designed  to  offer  short  terms 
of  didactic  lectures,  practical  anatomy  and  clinical  instruction  to  stu- 
dents whose  main  education  was  gained  through  apprenticeship  in  a 
physician's  office.  The  Hunters  had  offered  facilities  for  dissection  to 
their  students  and  this  example  was  followed  in  the  first  schools  in  this 
country  and  in  all  those  subsequently  established.     In  this  respect  the 
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American  schools  were  for  some  time  in  advance  of  many  of  the  conti- 
nental institutions. 

Thus  His  in  his  address  at  Basel  in  1885  (Gedenkschrift  zur  Eroffen- 
ung  des  Vesalianum)  showed  that  in  the  university  in  that  city,  where 
once  the  great  Vesalius  taught,  practical  human  anatomy  really  began 
with  the  professorship  of  Jung  in  1823. 

Welch  has  pointed  out  (Biology  and  Medicine,  University  Record, 
Chicago,  July,  1897,  Vol.  II,  p.  142)  that  human  anatomy  was  the  only 
subject  anyv/here  taught  by  the  laboratory  method  until  the  end  of  the 
first  quarter  of  the  present  century.  In  1824  Purkinje  established  a 
physiological  laboratory  in  Breslau  and  in  1825  Liebig  one  in  chemistry 
at  Giessen.  The  Hunters  seem  to  have  been  the  first  to  offer  students 
free  facilities  for  dissection.  As  a  rule  previously  anatomy  had  been, 
taught  by  demonstration. 

Early  in  the  nineteenth  century  the  medical  schools  in  America  be- 
gan to  multiply  rapidly  in  number.  From  1776  to  1810  there  were 
seven  schools  started;  from  1810  to  1840,  twenly-six;  from  1840  to  1875,. 
forty-seven.  Of  these  eighty  schools  sixteen  had  been  discontinued  by 
1876. 

The  best  accounts  of  the  medical  schools  up  to  1876  are  those  by 
N.  S.  Davis,  entitled,  'Contributions  to  the  History  of  IMedical  Educa- 
tion and  Medical  Institutions  in  th?  United  States  of  America,  1776- 
3  876."  (Special  Reprint  U.  S.  Bureau  of  Education,  1877),  and  by  J.  M. 
Toner,  "Contributions  to  the  Annals  of  Medical  Progress  in  the  United 
States  before  and  during  the  War  of  Independence."  (U.  S.  Bureau  of 
Education,  1874.) 

Standards  of  medical  education  fell  as  schools  multiplied.  Schools 
connected  with  the  literary  institutions  dissolved  their  connection 
either  wholly  or  in  part,  and  that  decline  set  in  which  for  the  better 
part  of  a  century  was  so  often  deplored  by  the  idealists  in  the  medical 
profession. 

In  most  schools  only  two  decades  ago  the  entrance  requirements  were 
merely  nominal  and  a  diploma  was  granted  to  anyone  who  would  pass 
a  nominal  year  of  apprenticeship  with  a  physician  and  listen  three 
months  for  two  successive  years  to  a  hodge-podge  of  lectures  on  the 
medical  sciences  and  medical  practice. 

Some  other  facilities  than  those  of  the  short  lecture  term  were,  how- 
ever, offered  in  the  better  schools,  especially  in  the  large  cities.  The 
student  could  attend  clinics,  practice  dissecting,  and  often  had  the 
privilege  of  listening  to  a  second  set  of  lectures  if  he  wished.  For 
these  various  privileges  extra  fees  were  usually,  though  not  always, 
charged.    The  fees  for  the  regular  lecture  courses  varied  from  ITB-OO* 
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to  $140.00  in  the  leading  scliools.  Previous  to  the  establishment  of  lab- 
oratories the  expenses,  except  for  cadavers,  were  small,  and  large  in- 
comes were  derived  by  the  proprietor-professors  of  many  of  thesa 
schools. 

The  medical  schools  of  the  country  were  thus  described  by  the  Com- 
missioner of  Education  in  1870: 

"The  medical  colleges  of  the  country  are  mostly  joint  stock  corpora- 
tions which  furnish  as  little  medical  education  as  they  can  sell  at  the 
highest  rate  they  can  obtain.  Their  number  is  excessive  and  the  com- 
petition between  them  very  keen.  They  are  consequently  disinclined 
to  introduce  any  new  features  which  may  scare  away  students  of  low 
acquirements  or  which  may  add  seriously  to  the  expenses  of  the  insti- 
tution."    (U.  S.  Bur.  Ed.  Rep.,  1870,  p.  395.) 

In  1892  a  committee  of  French  specialists  made  a  study  of  medical 
education  in  the  United  States.  From  their  report  (U.  S.  Bureau  of 
Education,  Report,  1892-3,  pp.  601-613)  the  following  remarks  may  be 
quoted : 

"Young  physicians  who  wish  the  title  of  professor  route  out  the  stat- 
utes (for  a  medical  school),  elect  a  council  of  administration,  and  re- 
quest the  state  authorities  to  inscribe  the  new  creation  in  official  reg- 
isters. This  is  seldom  refused  and  is  equal  to  a  regular  authorization. 
The  prospectuses  are  freely  issued  in  order  to  announce  the  new  crea- 
tion; the  medical  papers  publish  the  courses  and  the  list  of  the  profes- 
sors who  but  yesterday  were  but  simple  physicians,  more  or  less  un- 
known. This  is  busness;  it  must  be  hurried,  and  here,  as  everybody 
knows,  the  Americans  are  at  home.  Students  come  in  greater  or  less 
numbers  and  in  the  second  year  diplomas  are  distributed.  The  gradu- 
ates are  then  permitted  to  practice  medicine  in  the  State  where  the 
school  is  established." 

"At  first  the  resources  of  the  school  are  limited,  as  the  fees  of  the 
students  and  the  sum  given  by  the  founders  are  the  only  sources  of 
revenue.  The  buildings  are  rudimentary,  and  the  laboratories  poorly 
and  meagrely  equipped.  But  if  by  chance  some  distinguished  and 
energetic  person  has  come  into  the  corporation,  reputation  does  not 
wait  for  the  lapse  of  years  and  endowments  increase.  Splendid  iron 
and  brick  buildings  are  erected,  dispensaries  and  soon  hospitals  are 
founded." 

"The  medical  career  is  a  profession  like  any  other  and  the  epithet 
'liberal'  would  not  be  understood  in  a  country  where  only  one  thing  is 
desired,  namely,  to  gain  with  the  greatest  rapidity  the  greatest  possible 
amount  of  money;  where  the  effort  is  only  to  perfect  oneself  In  his  art 
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in  order  to  get  still  richer.  Therefore,  of  course,  no  one  thinks  of 
erecting  high  barriers  at  the  entrance  to  the  schools. 

"The  professional  courses  which  the  student  must  follow  bear  a  close 
analog}'  to  thos?  v.hich  the  professors  of  our  provincial  schools  have 
to  give.  The  lectures  even  at  Philadelphia  and  New  York  hardly  bear 
comparison  with  those  in  the  faculties  of  Bordeaux  and  Nancj'.  In 
America  there  is  nothing  to  b?  compared  with  the  faculties  of  Lyons 
and  especially  those  of  Paris.  The  theoretical  courses  are  generally 
good  but  elementary;  the  exercises  in  dissection  are  as  a  rule  rudi- 
mentary. The  practical  work,  except  in  chemistry,  leaves  much  to  be 
desired.  On  the  contrary  this  is  not  the  same  with  dental  schools,  the 
triumph  of  the  United  States." 

In  some  insxances  "sun  down"  and  'night"  schools  have  been  and 
still  are  maintained  in  order  to  make  doctors  out  of  working  men  by 
giving  them  didactic  lectures  evenings  after  the  day's  work  is  finished. 
(See  Dexter,  "'History  of  Education  in  the  United  States,"  190-3.  Ref- 
erence is  here  made  to  some  of  the  literature  bearing  upon  the  sub- 
ject of  medical  education  in  the  United  States.) 

Of  the  nominal  three  years  of  medical  study  which  were  reqtiired  the 
following  description  gives  a  good  picture  of  the  first: 

"The  student  remains  in  the  medical  man's  ofl&ce  for  a  period  varying 
from  three  months  to  a  year,  during  which,  if  his  preceptor  is  a  busy 
man  and  popular  practitioner,  he  has  not  been  examined  on  the  prog- 
ress he  is  making  enough  to  make  it  worth  mentioning  or  remember- 
ing. He  during  this  time  reads  some  work  on  human  anatomy  with- 
out any  appliances  except  a  defective  set  of  bones,  the  relics  of  his 
preceptor's  dissecting  daj's.  and  perhaps  a  fair  set  of  anatomical 
plates;  he  also  reads  some  books  on  physiology,  materia  medica.  and 
perhaps  chemistry,  and  even  attacks  the  theory  and  practice  of  medi- 
cine; sometimes,  moreover,  surgery  is  also  read.  During  all  this  route 
he  is  apt  to  be  bothered  by  the  strange  and  seemingly  barbarous 
phraseology  of  these  works  and  to  wonder  why  the  language  he  is 
accustomed  to  speak  cannot  describe  the  facts  his  eyes  see,"  etc.  (U.  S. 
Bur.  Ed.  Rep.,  1870,  p.  395.) 

After  some  such  course  of  learning  the  student  for  two  successive 
years  attended  lectures  at  a  medical  school. 

The  following  account  of  the  mode  of  teaching  by  one  of  the  bright- 
est teachers  at  one  of  the  best  of  the  schools  previous  to  the  present 
reform  indicates  well  that  what  fhe  conditions  in  medical  schools  in 
this  country  were  until  a  comparatively  short  time  ago. 

"Dr.  Cheever  writes: 
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'It  nears  one  o'clock,  and  the  close  work  in  the  demonstrator's  room 
in  the  old  Medical  School  in  North  Grove  Street  becomes  even  more 
hurried  and  eager  as  the  lecture  hour  in  Anatomy  approaches.  Four 
hours  of  busy  dissection  have  unveiled  a  portion  of  the  human  frame, 
insensate  and  stark,  on  the  demonstrating-table.  Muscles,  nerves,  and 
blood-vessels  unfold  themselves  in  unvarying  harmony,  if  seeming  dis- 
order, and  the  "subject"  is  nearly  ready  to  illustrate  the  lecture.  . 
The  room  is  thick  with  tobacco  smoke.  The  winter  light,  snowy  and 
dull,  enters  through  one  tall  window,  bare  of  curtain,  and  falls  upon 
a  lead  fioor.  The  surroundings  are  singularly  barren  of  ornament  or 
beauty,  and  there  is  naught  to  inspire  the  intellect  or  the  imagination, 
except  the  marvellous  mechanism  of  the  poor  dead  body,  which  lies 
dissected  before  us,  like  some  complex  and  delicate  machinery  whose 
uses  we  seek  to  know. 

'To  such  a  scene  enters  the  poet,  the  writer,  the  wit,  Oliver  Wendell 
Holmes.  Few  readers  of  his  prose  or  poetry  could  dream  of  him  as 
here,  in  this  charnel-house,  in  the  presence  of  death.  The  very  long, 
steep,  and  single  flight  of  stairs  leading  up  from  the  street  below  re- 
sounds with  a  double  and  labored  tread,  the  door  opens,  and  a  small, 
gentle,  smiling  man  appears,  supported  by  the  janitor,  who  often  has 
been  called  on  to  help  him  up  the  stairs.  Entering,  and  giving  a 
breathless  greeting,  he  sinks  upon  a  stool  and  strives  to  recover  his 
asthmatic  breath. 

'Anon  recovering,  he  brightens  up,  and  asks,  "What  have  j'^ou  for  me 
to-day?"  and  plunges,  knife  in  hand,  into  the  "depths  of  his  subject," — 
a  joke  he  might  have  uttered.  Time  flies,  and  a  boisterous  crowd  of 
turbulent  Bob  Sawyers  pours  through  the  hall  to  his  lecture-room,  and 
begins  a  rhythmical  stamping,  one,  two,  three,  and  a  shout,  and  pound- 
ing on  his  lecture-room  doors.  A  rush  takes  place;  some  collapse,  some 
are  thrown  headlong,  and  three  hundred  raw  students  precipitate 
themselves  into  a  bare  and  comfortless  amphitheatre.  Meanwhile  the 
professor  has  been  running  about,  now  as  nimble  as  a  cat,  selecting 
plates,  rummaging  the  dusty  museum  for  specimens,  arranging  micro- 
scopes, and  displaying  bones.  The  subject  is  carried  in  on  a  board; 
no  automatic  appliances,  no  wheels  with  pneumatic  tires,  no  elevators, 
no  dumb-waiters  in  those  days.  The  cadaver  is  decorously  disposed  on 
a  revolving  table  in  the  small  arena,  and  is  always  covered,  at  first, 
from  curious  eyes,  by  a  clean  white  sheet.  Respect  for  poor  humanity 
and  admiration  for  God's  divinest  work  is  the  first  lesson  and  the  up- 
permost in  the  poet-lecturer's  mind.  He  enters,  and  is  greeted  with  a 
mighty  shout  and  stamp  of  applause.     Then  silence,  and  there  begins 
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a  charming  hour  of  description,  analysis,  simile,  anecdote,  harmless 
pun,  which  clothes  the  dry  bones  vrith  poetic  imagery,  enlivens  a  hard 
and  fatiguing  day  with  humor,  and  brightens  to  the  tired  listener  the 
details  of  a  difficult  though  interesting  study.  We  say  tired  listeners 
because — will  it  be  believed? — the  student  is  now  listening  to  his  fifth 
consecutive  lecture  that  day,  beginning  at  nine  o'clock  and  ending  at 
two;  no  pause,  no  rest,  no  recovery  for  the  dazed  senses,  which  have 
tried  to  absorb  Materia  Medica,  Chemistry,  Practice,  Obstetrics,  and 
Anatomy,  all  in  one  morning,  by  five  learned  professors.  One  o'clock 
was  assigned  to  Dr.  Holmes  becaus?  he  alone  could  hold  his  exhausted 
audience's  attention.' "  (Morse,  J.  T.,  Life  and  Letters  of  Oliver 
Wendell  Holmes,  vol.  I.  pp.  174-176.) 

Of  course  fev/  stude^nts  were  privileged  to  listen  to  so  entertaining 
a  talker  as  O.  W.  Holmes  but  the  description  here  given  offers  a  fair 
picture  of  one  of  the  three  chief  parts  of  th?  old  fashioned  course  in 
anatomy,  the  didactic  lecture  illustrated  by  demonstrations  on  a  dis- 
sected body.  Practical  dissection  formed  another  part  of  the  course. 
The  bodies  were  often  limited  in  number  and  poorly  preserved.  The 
dissecting  rooms  were  usually  large  rooms  in  the  attic  of  the  medical 
building.  Dissecting  was  done  mainly  at  night  in  the  midst  of  a  noisy 
disorderly  crowd  of  smoking  and  expectorating  youths  mentally  weary 
from  the  day's  lectures  and  full  of  animal  spirits  seeking  outlet.  The 
general  conditions  of  disorder  may  be  best  realized  from  the  fact  that 
it  was  considered  a  great  luxury  and  the  mark  of  an  advanced  and  up- 
to-date  school  if  the  dissecting  room  was  furnished  with  a  cement  floor 
that  might  from  time  to  time  be  flushed  with  a  hose. 

It  is  needless  to  say  that  there  was  little  opportunity  for  that  quiet 
so  necessary  for  scientific  insight.  In  large  part  the  teaching  of  anat- 
omy was  left  to  practicing  surgeons  who  came  to  look  upon  it  as  an  ap- 
pendage to  their  trade.  The  professor  of  anatomy,  usually  a  man  en- 
grossed in  the  practice  of  medicine,  gave  didactic  lectures  on  the  sub- 
ject while  the  demonstrators  of  anatomy,  who  overlooked  the  work  in 
the  dissecting  room,  were  young  men  waiting  for  patients  and  looking 
forward  to  being  surgeons.  To  most  of  them  it  seemed  that  enough 
anatomy  for  practical  surgery  was  to  be  found  in  the  text-books  and 
that  the  ideal  was  to  learn  them  by  heart.  Few  seemed  to  realize  that 
a  surgeon  usually  has  text-books  at  hand,  so  that  memorizing  more 
than  a  few  essentials  is  as  unnecessary  as  learning  the  directory  of  a 
city  by  heart  w-hen  one  moves  to  a  new  town.  But  teachers  who  have 
no  burning  interest  to  deepen  their  own  understanding  of  the  subject 
they  profess  always  tend  to  encourage  routine  memorizing  of  author- 
itative data.     And  thus  medical  students  were  led  to  devote  the  major 
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part  of  their  time  to  text-books  in  preparation  for  quizzes  rather  than 
to  training  their  powers  of  observation  and  manual  dexterity  in  the 
dissecting  room.  From  quiz-masters  one  can  expect  few  real  con- 
tributions to  science  and  few  were  made. 

The  third  part  of  the  work  in  anatomy  consisted  of  the  quizzes  in 
preparation  for  the  examinations  in  anatomy.  This  portion  of  the 
work  assumed  an  increasing  importance  soon  after  several  of  the 
States  instituted  examinations  for  licenses  to  practice.  The  examina- 
tions within  the  school  then  naturally  were  made  more  severa^  because 
no  school  liked  the  reputation  of  having  many  of  its  graduates  fail  to 
pass  the  State  examinations.  Frequently  the  quizzes  formed  a  part  of 
the  instruction  offered  by  the  school  but  in  a  great  many  instances 
private  quizzes  were  given  by  some  of  thei  teachers  in  the  school,  by 
some  of  the  older  students  or  by  persons  not  officially  connected  with 
the  school.  Often  considerable,  incomes  were  derived  by  the  quiz- 
masters. 

AVhile  I  have  described  the  above  methods  of  teaching  anatomy  in  the 
past  tense  it  is  not  to  be  assumed  that  they  have  been  entirely  super- 
ceeded  by  more  rational  methods.  In  a  comparatively  few  schools  have 
the  recent  waves  of  reform  managed  to  sweep  entirely  away  the  rub- 
bish of  the  past. 


15,   (p.  97).     SUPPLY  AND  CARE  OF  ANATOMICAL  MATERIAL. 

For  the  early  schools  in  this  country  bodies  were  obtained  only  with 
difficulty  and,  as  in  England,  professional  body-snatchers  had  to  be 
employed  previous  to  the  enactment  of  State  laws  which  give  to  the 
medical  colleges  the  bodies  of  those  dying  without  friends.  The  house 
of  Dr.  Shippen  of  Philadelphia  was  attacked  in  1765  by  a  mob  the 
members  of  which  were  excited  by  the  report  that  the  church  bury- 
ing-ground  had  been  despoiled  to  furnish  material  for  his  private  class 
in  anatomy,  an  accusation  which  he  denied.  ("W.  W.  Keen,  Sketch  of 
the  Early  History  of  Anatomy,  p.  15.)  In  New  York  soon  after  the 
close  of  the  war  of  the  Rebellion  a  mob  excited  by  the  report  of  stolen 
bodies  broke  into  the  dissecting  room  at  Columbia  College  and  precipi- 
tated a  riot  which  lasted  for  two  or  three  days.  Often  great  difficulties 
were  encountered.  Early  in  the  thirties  Dr.  Beck  is  said  to  have  car- 
ried bodies  in  a  buggy  all  the  way  from  Boston  to  Albany  in  order  to 
supply  material  to  his  classes  in  the  latter  city.  Even  up  to  very 
recent  years  scandals  connected  with  the  supply  of  anatomical  material 
have  occurred  from  time  to  time. 
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In  1830  Massachusetts  passed  a  law  giving  the  bodies  of  paupers 
dying  in  State  charge  and  in  1833  one  giving  those  of  county  paupers 
unclaimed  by  frijnds  to  the  recognized  medical  institutions  of  the 
State.  'But  these  acts.''  says  W.  W.  Keen  (Early  Historj'  of  Anat- 
omy), "v.-ere  only  obtained  after  the  community  had  been  driven  to  it, 
not  only  by  the  repeated  outrages  to  the  pubRc  peace  and  public  feel- 
ings, but  also  by  repeated  crimes."  Other  States  passed  similar  laws. 
The  Pennsylvania  law,  passed  in  1868,  although  at  first  rendered  diffi- 
cult of  operation  by  popular  pr?ju'dice,  paved  the  way  for  the  law  of 
1SS3  which  has  served  as  a  model  for  many  similar  laws.  Dr.  Keen 
in  a  recent  letter  to  the  writer  says  concerning  the  law:  "'May  I  call 
your  attention  to  one  point  in  particular?  Th?  anatomy  law  of  Penn- 
sylvania, so  far  as  I  know,  is  the  best  law  of  its  kind  in  this  country. 
It  gives  us  more  material  for  dissection  than  tee  knoiv  what  to  do 
Kith.  Not  only  are  medical  schools,  but  individuals,  county  societies 
and  colleges  which  have  a  biological  course,  supplied  with  bodies  freely. 
All  of  the  details  can  be  given  you,  if  you  desire  them,  by  Dr.  Addinell 
Hewson,  1115  Spruce  St.,  Philadelphia,  the  Secretary  of  the  Board. 
It  is  a  very  curious  fact  that  the  gentleman  who  drew  up  the  law,  my 
colleague.  Professor  William  S.  Forbes,  of  the  Jefferson  (Medical 
School),  was  its  first  and  only  victim!  By  the  very  timely  death  of 
his  father-in-law,  the  hearing  of  his  case  was  postponed,  interest  in  it 
finally  died  out,  and  in  some  way  (I  do  not  remember  just  how)  he 
escaped  any  trotible." 

In  the  Proceedings  of  the  Association  of  American  Anatomists.  1896 
(Science,  III,  1896),  may  be  found  the  report  of  a  special  committee  of 
the  Association  which  investigated  the  laws  relative  to  anatomical 
material  in  this  and  several  foreign  countries.  In  this  report  an  ab- 
stract of  the  Pennsylvania  law  is  given  and  the  law  is  highly  com- 
mended. In  essence  the  law  reads  that  all  unclaimed  bodies  of  persons 
dying  in  public  charge  shall  be  turned  over  to  an  anatomical  board  for 
distribution  for  scientific  purposes.  Today  in  many  States  ample  legal 
provision  is  made  for  legitimate  needs.  Still  we  find  the  professor  of 
anatomy  at  the  University  of  Texas  complaining  as  late  as  1902  that 
he  has  to  purchase  bodies  obtained  in  an  irregular  manner  because  the 
State  laws  are  inadequate  to  furnish  the  State  University  with  mate- 
rial.    (See  President's  Report.  University  of  Texas,  1902.) 

The  professor  of  anatomy  of  another  medical  school  connected  with 
a  State  University  has  recently  informed  the  writer  that  those  in  charge 
of  the  state  and  county  public  institutions,  which  furnish  unclaimed 
bodies  for  scientific  study,  demand  from  ten  to  twenty  dolars  for  each 
body  and  even  then  the  supply  is  so  limited  that  he  is  forced  to  turn 
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to  irregular  channsis  for  an  adequate  supply  of  material.  Although 
state  laws  strictly  forbid  traffic  in  bodies  there  is  a  firm  in  one  of  the 
Southern  states  that  furnishes  bodies  to  instTtutions  situated  in  sev- 
eral of  the  Northern  states,  and  other  firms  supply  more  limited  terri- 
tories. 

In  a  recent  article  (Anatomical  Material,  Its  Collection  and  Its 
Preservation  at  the  Johns  Hopkins  Anatomical  Laboratory,  the  Johns 
Hopkins  Bulletin,  vol.  16,  1905)  Professor  F.  P.  Mall  gives  an  inter- 
esting account  of  his  experiences  when  the  Johns  Hopkins  Medical 
School  was  established  in  1893.  At  that  time  but  forty-nine  bodies 
came  through  regular  channels  to  supply  the  twelve  hundred  students 
in  the  various  medical  schools  of  Baltimore  and  the  new  school  but  in- 
creased the  demand  on  the  inadequate  supply.  For  a  time  recourse  had 
to  be  made  to  irregular  sources  of  supply.  The  organization  of  a 
strong  Anatomical  Board,  composed  of  members  elected  from  the  fac- 
ulties of  the  several  schools  and  the  enlistment  of  the  services  of  the 
Commissioner  of  Health  of  Baltimore  has  since  served  to  offset  the  in- 
adequacies of  the  present  State  laws  in  Marj'land  and  to  furnish  all 
schools  with  a  fairly  adequate  supply  of  material. 

In  the  report  of  the  Committee  of  the  Association  of  American  Anat- 
omists, referred  to  above,  an  account  is  also  given  of  the  methods 
utilized  for  preserving  bodies  in  this  country.  The  limited  supply 
furnished,  until  comparativelj'  recently,  necessitated  that  the  bodies 
be  embalmed  instead  of  being  dissected  fresh.  This  latter  method  is 
still  the  practice  in  many  parts  of  Europe. 

Of  recent  years  material  is  more  plentiful  but  it  is  still  felt  in  the 
leading  schools  that  it  is  better  for  a  student  to  dissect  a  small  amount 
of  material  carefully  and  thoroughly  rather  than  a  larg?  amount  of 
material  rapidly  and  superficially.  Methods  of  preservation  are  there- 
fore of  importance.  Many  methods  have  been  used.  For  a  descrip- 
tion of  these  see  the  Report  of  the  Committee  mentioned  above.  The 
best  preserved  bodies  for  purposes  of  dissection  which  I  have  seen  in 
the  dissecting  rooms  of  this  country  are  those  injected  with  a  mixture 
of  alcohol,  carbolic  acid  and  glycerine.  Where  a  large  number  of 
bodies  are  preserved  cold-storage  is  of  great  advantage. 

The  use  of  cold-storage  for  the  preservation  of  bodies  intended  for 
dissection  was  introduced  by  Professor  Huntington  at  Columbia  Uni- 
versity in  1893  and  soon  afterwards  at  the  Johns  Hopkins  University 
by  Professor  Mall.  In  the  recent  paper  referred  to  above  Professor 
Mall  comes  to  the  conclusion  that  while  cold-storage  is  of  advantage 
in  many  ways  it  is  by  no  means  essential.  He  recommends  vats  in 
which  bodies  may  be  immersed  in  Z'^c  carbolic  acid.     In  several  institu- 
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tions  the  cold-storage  plants  have  been  discontinued  and  the  bodies 
injected  with  the  carbolic  acid  mixture  and  wrapped  are  found  to  keep 
well  in  an  alcohol  saturated  atmosphere. 

In  addition  to  the  report  of  the  Committee  of  the  Association  of 
American  Anatomists,  see  F.  P.  Mall,  "Anatomical  Courses  at  the  Johns 
Hopkins  University,"  Bulletin  of  the  Johns  Hopkins  Hospital,  May- 
June,  1896;  and  'Preservation  of  Anatomical  Material,"  idem,  Feb., 
1905;   A.  T.  Kerr,  the  Johns  Hopkins  Bulletin,  VII,  1901. 


16,  (p.  97).  AXATO-AH:  IX  THE  BETTER  OF  THE  OLDER  SCHOOLS. 

At  the  time  of  the  foundation  of  the  earliest  medical  schools  in  this 
country  the  foremost  institutions  for  the  practical  study  of  human  an- 
-atomy  were  the  Windmill  Street  School  of  the  Hunters  in  London  and 
the  Edinburgh  School  under  the  Monros  (sse  note  8).  The  best  of  the 
early  teachers  of  human  anatomy  in  this  country  were  trained  in 
these  schools  and  brought  with  them  to  this  country  high  ideals  of 
the  value  of  practical  dissection  and  of  comparative  vertebrate  anat- 
omy. 

At  the  Medical  Department  of  the  University  of  Pennsylvania  Dr. 
John  Morgan,  one  of  the  founders,  was  a  pupil  of  the  Hunters.  His 
publication  on  "The  Art  of  Making  Anatomical  Preparations"  led  to  hia 
■election  to  membership  in  the  Royal  Society  of  London.  Dr.  William 
Shippen,  a  friend  and  fellow-student  of  ^Morgan's,  was  professor  of 
anatomy,  surgjry  and  midwifery  at  the  medical  school  for  forty-three 
years. 

From  1808  to  1818  Casper  Wistar  was  professor  of  anatomy.  Thomas 
Jefferson  wrote  to  Wistar  in  1807,  "'I  have  a  grandson,  the  son  of  Mr. 
Randolph,  now  about  fifteen  years  of  age  in  whose  education  I  take  a 
lively  interest  .  .  .  there  are  particular  branches  of  science  which 
are  not  so  advantageously  taught  anywhere  else  in  the  United  States, 
as  in  Philadelphia  in  your  Medical  School  for  anatomy,  etc."  (See 
Benjamin  Franklin  and  the  University  of  Pennsylvania,  F.  H.  Thorpe, 
U.  S.  Bur.  of  Ed..  Circul.  of  Information.  1892.  No.  2.") 

From  1819  to  1831  Dr.  Philip  S.  Physick  was  professor  of  anatomy, 
from  1831  to  18.53  W.  Horn?r,  and  from  1853  to  1891.  J.  Leidy. 

Wistar  wrote  a  good  text-book  on  human  anatomy  and  made  a  con- 
tribution to  the  structure  of  the  ethmoid  bone:  W.  E.  Horner  wrote  a 
text-book  on  "Special  Anatomy  and  Histology,"  and  a  'United  States 
Dissector,"  discovered  the  tensor  tarsi  muscle  (London  Med.  Reposi- 
tory. 1822),  and  among  other  papers  contributed  one  on  the  "Odorifer- 
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ous  Glands  of  the  Negro."  (Am.  Joiirl.  of  iled.  Sc,  Vol.  XXI,  p.  13.) 
Wistar  founded  and  Horner  did  much  to  develop  the  fine  collection  ot 
anatomical  specimens  now  beautifully  housed  in  the  Wistar  Museum, 
erected  in  1892  through  the  generosity  of  General  Wistar.  J.  Leidy,  one 
of  the  best  known  of  American  scientific  invsstigalors,  a  man  whose  in- 
terests ranged  over  wide  fields,  contributed  chiefly  to  the  subjects  of 
helminthology  and  vertebrate  paleontologj\  He  was  a  beloved  teacher 
of  human  anatomj'  and  wrote  a  text-book  on  the  subject.  (See  T.  G. 
Lee,  Proceedings  American  Academy  of  Science,  XXA''!!,  pp.  437-442.) 
Since  the  death  of  Leidy,  G.  A.  Piersol  has  been  professor  of  anatomy. 

The  stimulus  given  to  medical  education  by  Morgan,  Shippsn  and 
other  P^iladelphians  who  had  received  inspiration  from  the  teachings 
of  the  Hunters  made  Philadelphia  the  foremost  center  of  medical  edu- 
cation in  this  country  for  nearly  a  century.  Following  the  English 
example  numerous  private  schools  for  teaching  anatomy  and  other 
subjects  were  established  by  the  leading  physicians  of  the  city  and 
in  1825  the  Jefferson  Medical  College  was  established  and  long  rivalled 
the  Medical  School  of  the  University  in  popularity.  In  1832  G.  S.  Pat- 
tison.  "formerly  professor  of  anatomy  in  the  University  of  Maryland 
and  lately  professor  of  anatomy  and  surgery  in  the  University  of  Lon- 
don," was  made  professor  of  anatomy.  The  following  quotation  from 
the  catalogue  of  the  University  for  1832  will  show  the  ideals  held  by 
one  of  the  leading  teachers  of  the  day. 

"The  value  of  the  extensive  Museum  as  an  appendage  to  a  school  of 
^Medicine,  is  too  self-evident  to  require  argument.  To  the  Professor, 
as  a  source  for  obtaining  objects  for  the  illustration  of  his  lectures, 
it  is  invaluable,  and  to  the  Student  it  is  no  less  so.  It  is  to  him  a  field 
to  which  he  can  constantly  refer  for  a  solution  of  his  doubts  and  dif- 
ficulties. Visiting  the  Museum,  and  assisted  by  the  explanations  of  his 
Professor,  subjects  which  may  Have  appeared  to  him  during  the  lectures 
full  of  difficulty,  are  rendered  simple  and  intelligible.  In  the  present 
advanced  state  of  Anatomical  Science,  how  is  it  possible  for  the  Pro- 
fessor to  teach,  or  the  Student  to  understand  its  minutiae,  without  the 
aid  of  preparations?  How  can  the  Professor  of  Materia  Medica  instruct 
his  pupils,  without  exhibiting  to  them,  in  all  tlieir  states,  the  difficulties 
of  the  Materia  Medica?  The  eye  is  a  most  important  organ  in  the 
acquisition  of  knowledge,  and  whenever  the  teacher  can  bring  it  into 
operation,  he  should  not  fail  to  do  so.  Having  at  his  command  an  ex- 
tensive collection  of  Preparations,  his  lessons  can  be  forcibly  fixed  on 
the  memories  of  his  pupils  by  ocular  demonstration. 

"Abroad,  a  Museum  is  considered  as  absolutely  essential  to  every 
system  of  Medical  tuition;  and  the  magnificent  collections  of  the  Hunt- 
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ers,  and  the  Monros,  &c.,  in  Great  Britain,  and  of  Sommering,  Meckel, 
Rudolphi,  and  Cuvier,  &c.  on  the  Continent  of  Europe,  prove  the  value 
which  these  Masters  attached  to  preparations  as  instruments  of  in- 
struction in  Medical  Science.  Unfortunately,  in  our  own  countrj-,  suf- 
ficient attention  has  not  heretofore  been  given  to  forming  extensive 
collections  of  preparations.  The  arrangements  of  our  Medical  Institu- 
tions are.  in  many  respects  excellent,  and  the  distinguished  men  which 
they  have  educated  have  conferred  the  highest  honor  on  their  Profes- 
sors. But,  although  we  feel  proud  in  the  admission  of  this  fact,  we 
are  constrained  to  acknowledge  that  no  school  in  our  country  has  as  yet 
collected  such  a  Museum  as  to  be  sufficient  for  the  illustration  of  the 
lectures  of  the  Professors.  Indeed,  our  best  collections  are  inferior 
to  those  possessed  by  the  most  paltrj'  private  School  in  Etirope.  It  is 
the  determination  of  the  Professors  of  Jefferson  Medical  College,  that 
this  desideratum  shall  no  longer  be  allowed  to  exist  in  their  Institution. 
Rich  as  the  United  States  is  in  all  the  subjects  of  the  Vegetable.  Min- 
eral, and  Animal  Kingdoms,  and  liberally  supplied  as  Philadelphia,  in 
particular,  is,  with  Dead  Bodies,  there  is  no  reason  why  they  may  not 
in  a  very  few  years,  have  open  for  the  examination  and  instruction 
of  their  pupils,  a  splendid  and  extensive  collection  of  the  various  sub- 
jects of  their  lectures. 

"The  present  Museum  belonging  to  Jefferson  Medical  College,  as  com- 
pared with  the  other  collections  attached  to  similar  institutions  in  this 
country,  is  a  respectable  one.  It  will  serve  as  a  nucleus  for  the  forma- 
tion of  a  magnificent  Museum,  and  the  Professors  trust  they  will  have 
the  co-operation  of  the  Profession,  and  of  their  Students,  in  the  ac- 
complishment of  this  desirable  object. 

"It  is  customary  in  many  of  the  Medical  Institutions  of  Europe,  for 
the  Students  attached  to  them  to  prepare,  during  the  course  of  their 
studies,  an  Anatomical  Preparation,  and  to  leave  it  in  the  College 
Museum,  as  a  memorial  of  their  connection  with  their  Alma  Mater, 
The  Professors  hop?  that  this  example  will  be  followed  by  the  young 
gentlemen  who  may  in  the  future  be  educated  in  Jefferson  Medical  Col- 
lege. The  nam?  and  date  being  inscribed  on  the  specimen,  it  serves  to 
perpetuate  the  connection  which  has  existed  between  the  Students  and 
their  Professors,  and  in  years  afterwards,  when  they  shall  have  become 
distinguished  members  of  the  Profession,  should  they,  or  their  children, 
visit  the  Halls  of  their  former  studies,  the  preparations  they  have 
made  will  recall  to  the  former  delightful  recollections,  and  will  afford 
to  the  latter  a  powerful  incentive  to  exertion.  The  Son  would  feel  un- 
worthy not  to  emulate,  and.  if  possible,  excell  the  Father  in  his  devo- 
tion to  his  studies. 
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"Another  and  an  important  advantage,  will  be  gained  by  the  Stu- 
dent leaving  as  a  gift  a  Preparation  to  the  Institution  where  he  has  been 
educated.  To  make  a  handsome  Anatomical  Preparation,  very  con- 
siderable labour  is  required,  and  it  is  a  kind  of  labour  the  most  valu- 
able to  the  surgeon.  It  gives  him  dexterity  in  the  use  of  the  scalpel, 
a  dexterity  without  which  no  man  can  ever  become  able  and  distin- 
guished as  an  operator. 

"Practical  Anatomy  is,  of  all  the  departments  of  his  studies,  the  one 
from  which  the  Student  of  Medicine  will  derive  most  benefit  during  the 
term  of  his  Collegiate  Studies.  Every  other  branch  may  be  studied, 
and  studied  with  advantage,  after  he  has  graduated.  Indeed,  all  the 
Professors  can  hope  or  expect  to  accomplish  by  their  Lectures  is,  by 
laying  before  the  pupils,  with  clearness  and  perspicuity,  the  leading 
principles  of  the  science  they  teach,  to  prepare  their  minds  for  the 
reception  and  investigation  of  medical  truths.  The  Professor  merely 
lays  the  foundation  on  which  the  Student  is  afterwards,  by  his  own 
diligence,  observation,  and  study,  to  raise  himself  to  eminence  and 
usefulness  in  his  profession.  With  the  exception  of  Anatomy,  there- 
fore, all  a  Student  can  expect  to  acquire  during  the  term  of  his  attend- 
ance on  Lectures,  is  merely  the  great  outlines  of  Medical  Science.  But 
this  season,  unfortunately,  by  the  regulations  of  the  Medical  Schools 
of  our  country,  a  very  limited  one,  is  the  only  period  that  he  will  ever 
have  for  the  acquisition  of  anatomical  knowledge.  Anatomy,  the  basis 
of  all  medical  reasoning,  can  only  be  studied  practically,  during  the 
term  of  the  Student's  attendance  on  Lectures.  Should  he  neglect  his 
opportunities  for  acquiring  a  competent  knowledge  of  the  science  dur- 
ing the  term  passed  by  him  at  College,  he  must  be  content  to  continue 
forever  afterwards  a  mere  driveller  in  his  profession.  Now,  Anatomy  is 
not  to  be  learnt  by  an  attendance  on  Lectures.  Dissection,  and  dissec- 
tion alone,  can  make  a  man  an  Anatomist.  The  Professor  of  Anatomy, 
it  is  true,  may  by  aiiimated  and  masterly  demonstrations,  do  much  to 
guide  and  assist  the  anatomical  Student  in  the  prosecution  of  his 
studies,  but  it  is  in  the  Dissecting  Room,  with  the  dead  body  before 
him,  by  patient  and  assiduous  dissection,  that  the  Student  can  alone 
acquire  a  knowledge  of  Anatomj^"  (Annual  Announcement,  Jefferson 
Medical  College,  Philadelphia,  1832.  pp.  4-6.) 

Unfortunately  here,  as  in  so  many  other  institutions,  the  time  of  the 
professor  was  soon  so  taken  up  by  private  practice  that  he  was  unable 
to  devote  that  personal  attention  to  his  classes  in  dissection  necessary 
for  the  best  results. 

Other  well  known  professors  at  the  Jefferson  Medical  College  have 
been.  J.  Pancoast,  TV.  H.  Pancoast,  and  "^^  S.  Forbes. 
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Of  the  considerable  number  of  private  schools  organized  in  Philadel- 
pJiia  (J,  Parish  and  R.  Harlan,  in  1818,  T.  Hewsen,  in  1822,  Dr.  G.  Mc- 
Clellan,  in  1829,  all  started  schools  of  this  kind),  the  most  calebrated 
is  the  Philadelphia  School  of  Anatomy,  which  lasted  from  1820  to  1875. 

W.  W.  Keen  has  given  in  his  ••History  of  the  Philadelphia  School  of 
Anatomy,''  1875,  a  most  interesting  account  of  this  important  school. 
It  accomplished  a  great  mission.  "Within  its  walls  earnest,  intelligent 
laborious  men  of  science  taught,  experimented  and  investigated,  and 
published  the  results  of  their  work  in  many  a  book  and  pamphlet, 
while  thousands  of  men  who  studied  and  dissected  there,  and  there 
began  their  scientific  lives,  are  spread  all  over  the  country,  and  in  fact 
all  over  the  world,  doing  the  best  of  work  as  practitioners,  teachers, 
writers,  and  original  investigators." 

The  School  was  opened  in  1820  as  the  private  anatomical  school  of 
J.  V.  0.  Lawrence  (1791-1823),  under  the  name  of  the  "Philadelphia 
Anatomical  Rooms."  "At  that  time  the  University  (then  the  only  med- 
ical school)  closed  its  doors  in  April  and  they  remained  unopened  till 
November.  .  .  To  fill  out  this  long  hiatus  Lawrence,  a  graduate  of 
the  University  of  Pennsylvania,  opened  his  school  and  gave  a  course 
in  Anatomy  and  Surgery,  which  began  in  March,  had  a  recess  in 
August,  and  ended  in  November.  He  gave  six  lectures  a  week.  In 
1822  he  was  made  assistant  to  Dr.  Horner,  then  Adjunct  Professor  of 
Anatomy  at  the  University  of  Pennsylvania."  "Like  most  of  his  fol- 
lowers in  the  school,  not  satisfied  with  teaching,  he  was  also  a  frequent 
writer  as  well  as  active  in  original  investigations  and  experiments." 
In  1822,  assisted  by  Drs.  Harlan  and  Coates  he  performed  over  ninety 
experiments  on  animals  to  test  the  absorbent  action  of  the  veins  and 
in  the  following  year  over  one-hundred. 

The  second  head  of  the  school  was  Dr.  John  D.  Godman,  who  previ- 
ously has  been  professor  of  anatomy  in  the  Medical  College  of  Ohio. 
Dr.  Godman  retired  from  practice  in  1823  when  he  began  teaching  in 
the  School.  As  was  the  custom  for  many  years  afterwards  he  gave 
three  courses  a  year,  viz.:  the  autumn  course,  twice  a  week  from 
September  to  November;  the  winter  course,  four  times  a  week  from 
November  to  March;  and  the  spring  course,  twice  a  day  (with  a  view 
to  graduation)  from  March  1  to  April  1;  the  remainder  of  the  year 
being  a  vacation  in  teaching,  but  devoted  to  work.  The  fee  for  each 
course  was  ten  dollars."  In  1824  Godman  established  in  connection 
with  the  school  a  reading-room  and  library.  Dr.  Godman  was  one  ot 
the  founders  of  the  American  Journal  of  the  Medical  Sciences  and  pub- 
lished in  three  volumes  a  "Natural  History  of  American  Quadrupeds," 
and  among  many  other  works  a  book  on  the  "Fasciae,"  one  on  "Physi- 
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ological  and  Pathological  Anatomy,"  and  a  paper  on  "•Arterial  and  other 
Irregularities."  Dr.  Godman  was  called  to  Rutgers  College  in  1826  and 
was  succeeded  by  Dr.  James  "Webster,  who  in  1830  was  called  to  the 
Geneva  Medical  College. 

In  1831  Dr.  Joseph  Pancoast  re-opened  the  rooms  and  taught  there 
for  seven  years.  In  1838  he  became  professor  of  anatomy  in  the  Jef- 
ferson Medical  College.  He  translated  and  edited  several  foreign  books 
and  prepared  a  naw  edition  of  Horner's  Anatomy  while  at  the  Philadel- 
phia School. 

Dr.  Pancoast  was  succeeded  by  J.  Dunot  and  J.  M.  Allen,  the  latter 
of  whom  published  a  Dissector's  Manual.  The  first  woman  to  dissect 
there  joined  the  class  in  1843-4.  "  'It  was  probably,'  says  her  sister, 
'the  first  time  that  a  woman  had  dissected  as  a  medical  student.'  " 

Dr.  D.  Hayes  Agnew  assumed  the  responsibilities  of  the  school  in 
1852  and  held  it  for  ten  years.  He  was  found  a  most  inspiring  teacher. 
"While  teaching  here  he  published  his  "Dissector's  Manual"  and  a 
series  of  papers  on  Anatomy  in  its  Relation  to  Medicine  and  Surgery. 
In  1862  Dr.  Agnew  relinquished  the  anatomical  department  to  Dr.  J.  E. 
Garretson,  who  was  follov.'ed  in  turn  by  J.  P.  Andrews  and  R.  S.  Sutton 
and  finally  by  "W.  W.  Keen  who  once  more  reestablished  the  brilliant 
reputation  of  the  school  as  may  be  judged  from  the  following  quotation 
from  his  farewell  speech: 

"It  ill  becomes  one  to  speak  of  himself,  but  I  may  perhaps  be  per- 
mitted to  state  the  following  facts:  I  have  lectured  here  longer  than 
any  of  my  predecessors,  Allen  and  Agnew  only  excepted:  I  have  given 
nine  winter  and  five  summer  courses  of  Descriptive  and  Surgical  An- 
atomy, two  courses  on  Artistic  Anatomy,  and  thirteen  courses  on 
Operative  Surgery,  besides  private  courses  to  numerous  individual 
students  and  graduates.  I  have  had  nearly  fifteen  hundred  students, 
of  whom  at  least  five  are  already  professors  in  medical  colleges,  ano 
one  has  opened  ths  first  dissecting-room  ever  established  in  Japan. 
They  have  come  from  the  District  of  Columbia,  and  every  Stat*^  in  the 
Union,  except  New  Mexico  and  Nebraska,  and  from  fourteen  foreign 
countries,  as  follows:  Canada,  Nova  Scotia.  Prince  Edward's  Island. 
New  Brunswick,  Cuba,  Porto  Rico,  Mexico,  Costa  Rica,  Nicaragua. 
Denmark,  Norway,  Prussia,  Switzerland,  and  England. 

"From  1866  to  1870  I»^occupied  only  the  western  building.  Dr.  Rich- 
ardson having  the  lower  story  of  the  other  for  his  Quiz  Class,  and  Dr. 
H.  Lenox  Hodge,  from  1868  to  1870,  the  upper  story  for  his  courses  in 
Operative  Surgery,  but  in  order  to  accommodate  my  Increasing  classes  I 
was  obliged,  in  1870,  to  obtain  the  use  of  both  buildings,  and  later  still 
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further  to  enlarge  the  lecture-room  by  placing  the  gallery  over  my 
head,  while  many,  even  then,  were  unable  to  obtain  seats.  During 
this  time,  also,  I  have  published  a  series  of  Clinical  Charts  of  the 
Human  body,  a  sketch  of  the  Early  History  of  Practical  Anatomy,  and 
a  pamphlet  on  the  Anatomical,  Pathological,  and  Surgical  Uses  of 
Chloral  (which  I  deem  my  most  important  contribution  to  practical 
Anatomy).  I  have  edited  also  Flower's  Diagrams  of  the  Nerves  and 
Heath's  Practical  Anatomy,  and  have  ptiblished  anatomical  and  surgical 
papers  on  a  new  diagnosis  of  Fracture  of  the  Fibula,  on  the  Anatomy 
of  Optic  Chiasm  (with  Dr.  William  Thomson),  on  the  Ossification  of 
the  Atlas  Vertebra,  on  a  case  of  Asymmetry  of  the  Skull,  on  a  Malfor- 
mation of  the  Brain,  on  the  Physiology  of  the  Inferior  Laryngeal  Nerves 
and  the  Intercostal  MusclcS  in  a  case  of  judicial  hanging,  and  numerous 
other  general  medical  articles,  besides  gathering  the  material  for  sev- 
eral other  papers  and  perhaps  more  extended  publications."  (History 
of  the  Philadelphia  School  of  Anatomy,  by  W.  W.  Keen,  Philadelphia.) 

Among  others  more  or  less  closely  associated  with  the  Philadelphia 
School  of  Anatomy  during  the  last  twenty-five  years  of  its  existence 
were  J.  F.  Meigs,  the  well  known  obstretician,  S.  Weir  Mitchell,  who 
began  his  work  on  snake  venum  in  the  building  occupied  by  the  school, 
and  "v.-ith  G.  R.  Morehouse  discovered  the  extraordinary  chiasm  in  the 
inferior  laryngeal  nerves  in  chelonia,"  and  Dr.  Brinton,  who  discovered 
a  method  of  preserving  fresh  anatomical  specimens  by  applying  gutta- 
percha dissolved  in  benzole,  published  an  excellent  paper  on  disloca- 
tions of  the  sternum  and  discovered  the  right  spermatic  vein.  Har- 
rison Allen  also  carried  on  some  of  his  studies  in  comparative  anatomy 
in  the  building  occupied  by  this  school.  Many  of  the  foremost  physi- 
cians of  this  country  received  an  important  part  of  their  training  at  the 
school.  It  was  the  one  institution  for  medical  education  in  this  coun- 
try previous  to  very  recent  years  where  scientific  research  held  real 
position.  Even  medical  students  v/ere  encouraged  to  investigate.  Thus 
the  valuable  statistical  study  of  the  brachial  plexus  made  by  Walsh 
(Am.  Jr.  Med.  Sc,  1877,  vol.  LXXIV,  p.  387)  was  begun  here  at  Keen's 
suggestion. 

At  the  Pennsylvania  Medical  College  (the  medical  department  of  the 
Pennsylvania  College  at  Gettysburg)  which  was  founded  in  Philadel- 
phia in  1839  and  discontinued  in  1861,  S.  G.  Morton  was  professor  of 
anatomy  1839-43.  Morton  gathered  together  a  splendid  collection  of 
skulls  and  published  among  other  works  'Crania  Americana,"  1839, 
Crania  Aegj-ptiaca  (1844),  Ethnology  and  Archaeologj'  of  the  Amer- 
ican Aborigines,  1846,  and  an  Illustrated  System  of  Human  Anatomy, 
1849. 
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At  Harvard.  John  "Warren,  from  1782  to  1815,  and  John  Collins 
Warren  from  1815  to  1843,  were,  professors  of  anatomy  and  surgery, 
and  O.  W.  Holmes,  from  1847  to  1882,  professor  of  anatomy  and  physi- 
ology. The  two  Warrens,  although  men  Interested  in  surgerj'  rather 
than  in  anatomy,  were  men  of  broad  interests  and  did  much  to  build  up 
the  anatomical  museum  now  named  after  John  Warren. 

T.  Dwight,  v.'ho  has  been  professor  of  anatomy  there  since  1883  has 
besn  an  active  contributor  on  anatomical  subjects  (see  note  21). 

Corydon  La  Ford,  professor  of  anatomy  at  Michigan,  from  1854  to 
1893,  v.as  much  liked  as  a  teacher.  Previous  to  the  adoption  of  the 
graded  course  he  gave  instruction  in  several  institutions  successively 
each  year.  This  he  continued  to  do  for  a  time  in  spite  of  the  fact 
that  his  salarj"  was  raised  in  order  to  make  it  unnecessary  for  him  to 
teach  elsewhere.  (Vid.  Am.  State  Universities  and  the  Univ.  of  Mich., 
1875,  p.  264.) 

For  an  account  of  the  early  history  of  anatomy  in  this  country,  in 
addition  to  the  two  papers  by  W.  W.  Keen,  'A  Sketch  of  the  Early  His- 
tory of  Anatomy,"  1874,  and  ''the  Philadelphia  School  of  Anatomy," 
1875,  reference  may  be  made  to  E.  M.  Hartwell's  "Study  of  Human 
Anatomy"  (Studies,  Biological  Laboratory,  Baltimore,  1881),  and 
"Hindrances  to  Anatomical  Study  in  the  United  States"  (Annals  of 
Anatomy  and  Surgery,  Brooklyn,  1881),  and  Carson's  "History  of  the 
Medical  Department  of  the  University  of  Pennsylvania." 


17,    (p.   97).     MICROSCOPIC   ANATOMY. 

American  anatomists  played  no  part  in  that  early  development  of 
histology,  embryology,  and  cytology  which  in  the  hands  of  the  Euro- 
pean and  especially  the  German  anatomists  contributed  during  the 
middle  of  the  last  century  so  greatly  to  the  advancement  of  practical 
medicine  no  less  than  of  pure  science.  A  little  of  this  new  knowledge 
drifted  into  this  country  in  a  tardy  fashion. 

Up  to  1840  the  microscope  was  so  little  used  in  America  that  when 
the  government  exploration  expedition,  known  as  the  Wilkes  Expedi- 
tion, set  forth  in  1838.  no  microscope  could  be  bought  in  this  country 
and  one  was  borrowed  from  Dr.  P.  Goddard  of  Philadelphia.  (Vid. 
Debt  of  American  Microscopists  to  Spencer  and  Tolles.  Trans.  Am. 
Mikr.  Soc,  1901-2.)  In  1838  C.  A.  Spencer  announced  himself  as  a 
manufacturer  of  microscopes  at  Canastota,  N.  Y.  Both  he  and  his 
pupils  R.  B.  Tolles  and  H.  R.  Spencer  made  good  instruments  and  in- 
troduced some  improvements  in  the  construction  of  microscopes.     Thus 
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Tolles  discovered  a  method  of  cover-glass  correction  for  objectives 
and  was  the  first  to  use  homogeneous  immersion  lenses. 

The  microscope  during  the  fourth,  fifth,  and  sixth  decades  of  the 
last  century  was,  however,  for  the  great  bulk  of  Americans  who  used  it 
a  pretty  toy  rather  than  an  aid  to  scientific  discovery.  For  exam- 
ple, "Dr.  Cheever  has  said:  'Dr.  Holmes  was  one  of  the  early  micro- 
scopists,  and  was  a  very  good  one.  The  instrument  was  not  among 
the  tools  of  the  instructing  physicians  when  he  was  studying  in  Paris 
(1833-1835),  but  soon  afterwards  it  came  into  general  uss.  He  brought 
one  home  with  him  from  Europe.  It  fascinated  him,  as  indeed  it  did 
many  another.  He  had  a  great  taste  for  everything  ingenius,  and  play- 
ing with  this  new  machine  devoured  many  an  hour.  He  was  forever 
taking  his  own  to  pieces  and  putting  it  together,  and  trying  all  sorts 
of  experiments  with  it,  both  as  to  the  mechanism  itself,  and  as  to  sub- 
jects of  examination.  How  well  I  recollect  the  intense  absorbtion  with 
which  he  would  thus  pass  long  hours!  Hours  which  were  not  wasted, 
'for  he  was  no  mean  authority  on  this  subject  in  his  day.'"  (Morse, 
J.  T.  Life  and  Letters  of  Oliver  Wendell  Holmes,  1896,  Vol.  I.  p.  183.) 
Thus  popular  demand  led  to  the  construction  of  elaborate  expensive 
instruments  rather  than  to  that  of  simple  serviceable  ones.  The 
microscopes  made  in  recent  years  in  America  are  copied  closely  after 
the  simple  German  models. 

An  exception  to  the  general  run  of  the  early  American  microscop- 
ists,  Professor  Bailey  of  West  Point,  early  in  the  forties,  achieved 
marked  European  distinction  for  his  work  on  the  infusora.  S.  Wyman 
likewise  in  1843  utilized  the  microscope  with  effect  in  the  study  of  the 
teeth  of  Lepidosteus.  The  first  mention  I  find  made  of  the  use  of  the 
microscope  in  a  medical  school  is  the  announcement  made  in  the  cata- 
logue of  Dartmouth  College  for  1848  that  the  professor  of  anatomy 
there  had  a  Chevalier  microscope  for  demonstrating  the  microscopic 
structure  of  the  tissues.  In  1860  the  Berkshire  Medical  School  an- 
nounced that  thorough  instruction  in  the  use  of  the  microscope  would 
be  offered  by  Professor  Stiles,  and  in  1863  u^e  of  the  microscope  was 
advertised  at  the  Harvard  Medical  School.  In  1869  the  Philadelphia 
School  of  Anatomy  advertised  that  "the  microscopic  anatomy  of  the 
various  tissues  will  be  shown  by  the  class  microscope."  At  about  ths 
same  period  special  instruction  in  the  use  of  the  microscope  was  offered 
by  the  professor  of  anatomy  at  the  University  of  Michigan,  for  a  fee 
of  $.5.00.  According  to  His  (Vesalianum,  Basel.  1885,  p.  29).  the  mi- 
croscope was  introduced  into  the  German  medical  schools  in  the  fifties, 
yet  he  himself  as  a  student  in  one  of  the  larger  German  universities 
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iad  to  stand  in  a  line  of  a  liimdred  men  whicli  slowly  filed  passed  a 
demonstration  microscope. 

During  the  sixties  the  more  scientific  physicians  of  the  country  were 
making  some  use  of  the  microscope.  Thus  about  1860  J.  M.  Da  Costa, 
while  giving  private  courses  in  medicine  in  tlie  building  of  the  Phila- 
delphia School  of  Anatomy,  translated  v.  Kolliker's  Microscopic  Anat- 
omy from  the  German.  During  the  seventies  demonstration  of  micro- 
scopic structure  began  to  be  a  regular  part  of  the  instruction  in  the 
hetter  schools.  Thus  the  Yale  catalogue  announces  for  the  year 
1872-3:  'microscopy,  histology  and  pathology,  illustrated  by  a  sufficient 
number  of  compound  microscopes  and  a  large  collection  of  the  best  prep- 
arations. It  is  believed  that  no  institution  in  this  country  furnishes 
to  students  greater  facilities  for  acquiring  exact  knowledge  in  this  de- 
partment." 

Many  devices  were  utilized  for  demonstrating  numerous  sections 
quickly  to  large  numbers  of  students.  Thus  for  instance  in  some 
schools  microscopes  were  placed  on  a  track  which  ran  around  on  a 
table  at  which  a  section  of  the  class  stood  or  sat.  The  microscops 
could  in  this  way  quickly  be  passed  from  one  student  to  the  next. 

A  thorough  training  in  microscopic  anatomy  began  to  be  offered  only 
after  the  establishment  of  a  graded  curriculum  and  then  usually  rather 
in  connection  with  pathology  than  with  anatomy.  Previous  to  this 
time,  however,  several  private  laboratories  were  opened  for  instruction 
in  microscopic  technique.  Thus  C.  Heitzmann,  who  had  been  a  private 
docent  at  Heidelberg,  in  1874  opened  a  private  laboratory  for  micro- 
scopic investigation  in  New  York  City.  Heitzmann  was  one  of  the 
earliest  to  declaim  the  inadequacy  of  the  cell  theory  when  applied  to 
certain  animal  structures.  In  his  laboratory  a  considerable  amount  of 
investigation  was  done.  In  a  book  on  the  "Mikroscopiche  Morphologic 
des  Thierkorper,"  published  in  1883,  he  gives  a  list  of  the  investigators 
who  had  studied  in  his  laboratory  and  of  their  publications. 


18,   (p.  98).     REFORM  IN  MEDICAL  EDUCATION. 

Throughout  the  long  period  of  low  standards  of  medical  education  in 
this  country  there  was  much  talk  of  reform  at  various  meetings  of  med- 
ical societies.  "In  May.  1867,  there  was  held  in  Cincinnati  a  conven- 
tion of  delegates  from  the  medical  schools  of  the  country  and  resolu- 
tions were  passed  recommending  changes  in  the  methods  of  study, 
advising  four  years  of  study  instead  of  three.  'These  propositions,' 
says  Dr.  H.  A.  Johnson,  'no  doubt  faithfully  represented  the  opinions 
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of  those  teachers  when  at  a  distance  from  their  institutions,  but  they 
had  altogether  a  different  set  of  ideas  when  the  question  was  presented 
in  its  financial  aspects  at  home.'"  (Report  Illinois  State  Board  of 
Health,  1891,  p.  xxxii.)  The  Association  of  American  Medical  Colleges 
formed  in  1877  likewise  failed  to  bring  about  a  reform. 

Meanwhile  the  establishment  of  a  graded  course  was  initiated  by 
the  Chicago  Medical  College,  now  the  medical  department  of  the  North- 
western University.  This  colleg3  upon  its  organization  in  1859  offered 
a  graded  course  of  study  extending  over  three  years.  Students  were, 
however,  allowed  to  graduate  upon  hearing  lectures  for  two  years.  The 
reform  in  reality  v/as  chiefly  brought  about  by  the  changes  introduced 
at  the  Harvard  Medical  School  after  Charles  W.  Eliot  became  president 
of  the  University.  In  1871  a  three  years  graded  course  of  n;ne  months 
each  y;ar  was  established  in  this  school.  In  1880  a  four  years  graded 
course  v,-as  offered,  and  after  1892-3  it  was  required.  In  the  medical 
department  of  Syracuse  University,  opened  in  1877,  a  three  years 
graded  course  of  nine  months  each  year  was  required;  and  in  the  same 
year  the  course  at  the  University  of  Pennsylvania  was  changed  to  a 
three  years  graded  course  of  five  months  each  year.  Michigan  adopted 
the  three  year  course  in  1880. 

In  1880  the  Illinois  State  Board  of  Health  adopted  its  schedule  of 
minimum  requirements  to  go  into  effect  after  the  session  of  1882-83. 
These  were  in  advance  of  the  requirements  for  a  degree  at  most  of  the 
medical  schools  but  still  considerably  below  that  of  the  institutions 
above  mentioned.  They  required  three  years  of  medical  study  during 
two  years  of  which  courses  of  lectures  must  be  attended  in  a  medical 
school  of  approved  standing.  The  courses  must  be  at  least  five  months 
long  and  instruction  must  include  dissection  and  clinical  instruction. 
In  1887  the  standards  were  raised  to  take  effect  in  1891,  to  four  years 
of  medical  study  with  attendance  at  a  medical  school  during  three 
years  of  this  time.  At  present  attendance  at  four  annual  sessions 
of  six  mouths  each  is  required  by  this  board  as  well  as  by  the  State 
Board  of  Medical  Examiners  in  a  large  number  of  the  States.  Of  these 
the  New  York  Board  has  taken  the  lead  in  demanding  increasingly 
higher  standards.  The  branches  of  medical  science  included  in  the 
course  are:  anatomy,  physiology,  chemistry,  materia  medica  and 
therapeutics,  theory  and  practice  of  medicine,  pathology  and  bacter- 
iology, surgery,  obstetrics,  gynecology,  hygiene,  and  jurisprudence. 

While  the  State  Boards  have  thus  played  some  part  in  raising  the 
standards  of  medical  education  they  have  not  always  shown  either 
fairness  or  wisdom  in  the  rules  they  have  adopted.  Thus  for  instance 
the  Minnesota  Board  has  made  a  ruling  that  colleges  giving  advanced 
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Standing  for  work  in  non-medical  colleges  are  not  recognized.  If,  for 
instance,  a  medical  school  which  has  the  highest  standards  of  educa- 
tion, grants  an  M.  D.  degree  to  a  man  who  has  studied  there  for  three 
years  after  having  previously  studied  physics,  chemistry  and  biology, 
including  human  anatomy  and  physiology',  for  four  years  in  a  leading 
non-medical  college  or  scientific  school,  not  only  this  Individual  but  all 
other  subsequent  graduates  of  that  medical  school  will  be  debarred 
from  practice  in  Minnesota.  Yet  this  individual  is  exceptionally  well 
educated  and  the  other  graduates  are  obviotisly  far  better  prepared 
than  the  majoritj'  of  those  who  are  examined  for  their  fitness  to  prac- 
tice in  that  State. 

Furthermore  the  Stat^  examinations  are  mere  v.-ritten  tests  of  mem- 
ory cram,  not  thorough  examinations  of  fitness  for  practice.  Still  on 
the  whole  the  State  Board  examinations  have  worlced  for  the  advance 
of  medical  education.  (An  abstract  of  the  State  laws  regulating  the 
practice  of  medicine  is  published  by  the  American  Medical  Association, 
Chicago.) 

Good  work  has  been  accomplished  by  the  American  Medical  Associa- 
tion, and  by  the  Association  of  American  IMedical  Colleges,  founded  in 
1890.  To  this  latter  association  only  those  colleges  are  admitted  which 
maintain  a  certain  standard  of  excellence  in  tlieir  edticational  require- 
ments and  these  standards  have  been  rapidly  raised  since  the  formation 
of  the  society.  Special  mention  should  be  made  of  the  lat?  Dr.  N.  A. 
Davis  of  Chicago  who  fought  most  valiantly  to  bring  about  the  much 
needed  reform. 

The  Illinois  State  Board  of  Health  published  in  1891  a  valuable 
pamphlet  on  ]\Iedical  Education  and  Medical  Colleges  in  the  United 
States  and  Canada.  '^Tiile  conditions  have  been  wonderfully  improved 
since  the  pamphlet  was  written,  there  are  still  far  too  many  schools 
inadequately  equipped  with  material,  men  and"  ideals,  and  far  too  few 
schools  wliere  high  standards  of  education  and  scientific  excellence  are 
maintained.  (See  L.  F.  Barker,  Medicine  and  the  Universities,  Ameri- 
can Medicine,  1902;  J.  M.  Dodson,  The  Modern  University  School,  Jour- 
nal of  the  American  Medical  Association,  Sept.  6,  1902;  H.  L.  Taylor, 
in  Parson's  "Professional  Education  in  the  United  States,  Medicine," 
1900,  p.  351,  published  by  the  University  of  the  State  of  New  York: 
Dexter.  "History  of  Education  in  the  United  States,"  1903.) 

The  introduction  of  laboratory  methods  of  instruction  in  the  medical 
sciences  and  the  development  of  more  practical  clinical  instruction  has 
caused  a  demand  for  a  better  preliminary  education  than  was  previ- 
ously considered  necessary.  A  four  years  high  school  course  is  now- 
required  as  a  preliminary  for  entrance  into  any  respectable  school.     At 
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Columbia  since  1902  about  one  year  of  college  >vork  has  been  rjquired. 
A  similar  requirement  is  made  at  the  Cornell  Medical  School  and  at  the 
University  of  Minnesota.  At  the  University  of  Michigan  and  at 
Chicago-Rush  Medical  School  since  1902  about  two  years  have  been  re- 
quired. A  similar  requirement  goes  into  effect  next  fall  at  the  Uni- 
versity of  California.  At  the  Western  Reserve  University  since  1901 
three  years  of  college  work  have  been  required,  and  at  the  Johns  Hop- 
kins since  1893,  and  Harvard  since  1901,  the  diploma  of  a  recognized 
college  or  scientific  school  or  its  equivalent. 

For  entrance  into  the  Johns  Hopkins  :\Iedical  Department  the  pre- 
liminary work  must  include  a  training  in  French.  German  and  Latin, 
chemistry,  physics  and  general  biology.  This  is  the  only  institution 
which,  as  yet,  requires  so  extensive  a  preparation,  although  scientific 
training  in  biology,  physics  and  chemistry,  as  a  good  preliminary  train- 
ing for  medical  study,  was  offered  at  Harvard  University  after  the 
establishment  of  the  Lawrence  Scientific  School  in  the  fifties.  Similar 
opportunities  were  afterwards  offered  at  other  institutions.  Special 
preliminary  courses  leading  up  to  the  study  of  medicine  were  estab- 
lished at  the  Universities  of  Pennsylvania,  Cornell,  Yale,  Princeton, 
Lake  Forest,  Northwestern  University,  the  Johns  Hopkins  University, 
the  University  of  Wisconsin  and  other  colleges.  As  a  rule  these  pre- 
liminary courses,  usually  extending  over  two  years,  were  found  to  be 
over-crov,'d?d  with  subjects.  (See  Report  U.  S.  Bureau  of  Education, 
1881,  and  1892  3,  pp.  601-13.) 

At  Harvard  in  1884,  53.9  per  cent  of  the  students  of  medicine  were 
college  graduates;  in  1889,  34.4  per  cent;  in  1893,  23  per  cent.  (Medi- 
cal Education,  Rept.  U.  S.  Bureau  of  Ed.,  1892-3.)  This  steady  decline 
in  the  ratio  of  college  graduates  to  the  total  number  of  msdical  stu- 
dents does  not  indicate  an  increasing  public  appreciation  of  the  value 
of  a  college  training  as  a  preliminary  for  medical  studies.  As  a  matter 
of  fact  most  of  those  institutions  which  have  put  up  high  entrance  re- 
quirements have  suffered  a  severe  loss  in  the  number  of  attending 
students.  On  the  other  hand  Dexter  in  his  "History  of  Education  in 
the  United  States,"  1903,  has  pointed  out  that  of  those  who  have  made 
a  marked  success  in  medicine  a  proportionately  very  large  number 
have  graduated  from  literary  and  scientific  colleges  previous  to  the 
study  of  medicine. 

19.  (p.  98).  INTRODUCTION  OF  LABORATORY  METHODS. 

Michigan  claims  the  credit  of  having  opened  the  first  laboratories  for 
medical   instruction  in   this   country.     Chemistry  was  taught  there  by 
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the  laboratory  methods  in  the  fifties.  Laboratory  methods  in  histology 
and  physiology  were  adopted  in  1877  and  in  hygiene  and  bacteriology 
in  1888.  At  Harvard  laboratories  for  physiology,  histology  and  pathol- 
ogy were  opened  in  1871  for  regular  class  work,  although  it  was  not 
until  a  new  building  was  acquired  in  1883  that  adequat?  laboratory 
facilities  v.-ere  furnished  in  thess  subjects.  During  this  period  from 
1871  to  1883  $320,000  were  added  to  the  funds  of  the  medical  school  by 
bequests  and  gifts.  This  shows  the  public  appreciation  of  the  advanced 
stand  Harvard  was  taking. 


20,   (p.   98).     SCIENTISTS    IN   THE   MEDICAL   SCHOOLS. 

In  Note  15  we  have  pointed  out  that  the  Philadelphia  School  of  Anat- 
omy served  as  an  active  center  of  research  as  well  as  a  school  of 
instruction.  At  the  University  of  Pennsylvania  and  other  institutions 
some  of  the  instructors  were  scientifically  active  men.  but  in  general 
little  encouragement  was  given  to  research  and  what  was  done  was 
accomplished  through  much  self-sacrifice. 

At  Harvard  H.  T.  Bowditch,  fresh  from  the  scientific  atmosphere  of 
Germany,  v.-as  made  assistant  professor  of  physiology  in  1871  and  pro- 
fessor in  1876.  In  the  catalogue  for  1871  and  subsequently  he  offered 
to  '  third  class  students  opportunities  for  original  investigation  in  the 
laboratory,"  the  first  published  indication  in  America  of  university 
ideals  in  undergraduate  medical  education.  Harrison  Allen,  professor 
of  physiology  at  Pennsylvania,  (1878-85),  was  enthusiastically  in  favor 
of  research.  C.  H.  Stowell  introduced  class  work  in  histology,  in  1880, 
and  Henry  Sewell  scientific  physiology,  in  1883.  at  Michigan.  W.  H. 
Welch  at  the  Bellevue  Medical  School  and  T.  M.  Prudden  at  Columbia 
did  much  to  introduce  the  new  German  pathologj^  into  America  in  the 
seventies  and  early  eighties.  When  Welch  became  professor  of  pathol- 
ogy- at  the  Johns  Hopkins  University,  in  1884,  he  established  there  a 
research  laboratory  which  has  since  served  to  train  several  of  our  lead- 
ing pathologists  and  to  advance  the  science  in  America.  At  Harvard 
C.  S.  Minot  during  the  eighties  introduced  thorough  courses  in  histol- 
ogy and  embryology. 

The  influence  of  these  men  and  of  several  of  their  contemporaries 
has  since  led  to  a  rapid  advance  of  the  sciences  of  physiology,  histology, 
and  pathology  in  the  medical  schools.  Unfortunately,  however,  human 
anatomy  continued  in  the  main  in  the  hands  of  surgeons  unacquainted 
with  the  subject  as  a  science.  Only  too  often  histology  and  embryology 
have  not  been  thoroughly  understood  by  the  professor  of  anatomy,  and 
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have  been  eith?r  handed  over  to  the  physiological  and  pathological  de- 
partments or  established  as  separate  subjects  uncoordinated  with  gross 
anatomy.  While  it  would  certainly  be  a  distinct  loss  if  anatomy  wera 
not  cultivated  by  physiologists,  pathologists  and  clinicians  in  those  as- 
pects which  bear  most  closely  on  their  fields,  it  is  equally  certain  that 
ai  anatomical  department  should  Embrace  microscopic  anatomy  and 
the  study  of  organic  development  as  well  as  gross  anatomy.  Otherwise 
but  a  narrow,  unproductive  attitude  toward  the  science  can  be  main- 
tained. 

21,   (p.  99).     ENDOWMENT  OF  MEDICAL  SCHOOLS. 

Since  the  establishment  of  numerous  well-equipped  laboratories  and 
the  employment  of  well  trained  men  to  devote  their  whole  time  to  the 
care  of  the  laboratories,  to  teaching  and  research,  the  expenses  of  the 
better  schools  have  so  increased  as  to  make  the  fees  of  the  students, 
even  when  raised  to  ^200  a  year,  as  at  Harvard  and  the  Johns  Hopkins 
University,  and  $250,  as  at  Columbia,  utterly  inadequat?  to  meet  the 
fixed  charges.  Large  endowments  or  State  support  are  absolutely  nec- 
essary for  a  proper  system  of  medical  education. 

The  fo'iowing  table,  based  upon  the  Report  of  the  Commissioner  of 
Education,  shows  th?  number  of  colleges  and  universities,  professional 
and  technical  schools  in  the  United  States  in  1875-76  and  in  1901-2,  the 
number  of  instructors,  students,  and  books  in  the  library,  and  the  esti- 
mated value  of  grounds  and  buildings,  amount  of  productive  funds,  in- 
come from  productive  funds,  income  from  tuition  and  fees,  state  and 
federal  appropriations,  and  the  amount  of  benefactions  for  the  two 
years.  The  figures  relative  to  the  number  of  institutions,  students  and 
instructors,  are  probably  fairly  accurate.  The  figures  relative  to 
grounds,  buildings,  endowment,  and  income  are  taut  imperfect  approxi- 
mations. So  far  as  possible  the  number  of  institutions  on  which  the 
data  are  based  is  given  in  each  instance. 

In  this  table  under  universities  and  colleges  are  included  all  co-edu- 
cational institutions  and  all  institutions  devoted  to  the  education  of 
m.en  and  the  higher  grade  of  colleges  devoted  exclusively  to  the  educa- 
tion of  women.  All  professional  schools  are  included  under  the  re- 
spective headings,  but  only  those  technical  schools  of  agriculture  and 
engineering  which  are  not  university  departments  are  classed  as  tech- 
nical schools.  The  data  for  the  technical  schools  for  1875-6  are  taken 
from  page  CXVIII  of  the  Report  of  that  year.  It  is  not,  however,  per- 
fectly clear  that  the  figures  there  given  under  the  head  of  schools  of 
science  refer  to  technical  schools  as  defined  above. 
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In  number  during  the  period  under  consideration  the  schools  of  law 
were  more  than  doubled,  those  of  medicine  nearly  doubled,  the  colleges 
and  universities  increased  about  a  third,  the  schools  of  theologj-  about  a 
sixth  and  the  independent  technical  schools  apparently  remained  con- 
stant. 

The  number  of  instrtictors  increased  over  five-fold  in  the  medical 
schools,  about  five-fold  in  the  law  schools,  over  three-fold  in  the  tech- 
nical schools,  less  than  three-fold  in  the  universities  and  colleges  and 
less  than  two-fold  in  the  theological  schools. 

The  ntimber  of  studsnts  increased  about  five-fold  in  the  lav,-  schools, 
nearly  four-fold  in  the  technical  schools,  over  three-fold  in  the  univer- 
sities and  colleges,  about  three-fold  in  the  m?dical  schools  and  less  than 
fifty  per  cent.  In  the  theological  schools. 

In  1870  the  population  of  the  country  according  to  the  United  States 
census  was  38,558,371;  in  1880,  50.155,783;  in  1890.  62,622.250;  and  in 
1900,  76.303,387.  During  the  period  under  consideration.  1876-1902.  it 
is  safe  to  assume  that  the  population  less  than  doubled.  The  number 
of  those  seeking  a  higher  education  has  therefore  increased  much 
faster  than  the  population,  in  spite  of  rapidly  increasing  standards  of 
the  imiversities  and  professional  schools. 

The  data  relating  to  the  libraries,  valtie  of  equipment  and  grounds. 
endov.-ment  funds  and  income  are  so  incomplete  that  comparisons  simi- 
lar to  those  given  above  cannot  be  well  made.  It  is  evident,  however, 
that  great  progress  has  been  made  in  all  of  these  directions.  The  most 
favored  institutions  are  the  technical  schools,  the  income  of  which 
seems  to  have  increased  perhaps  seven-fold,  although  the  number  of 
students  increased  but  four-fold.  The  income  of  the  law  schools  in- 
creased with  a  similar  rapidity  but  in  them  the  increase  in  the  number 
of  students  was  more  rapid.  In  proportion  to  the  increase  in  the  num- 
ber of  students  the  income  of  the  colleges  and  universities  has  increased 
more  rapidly  than  that  of  the  medical  schools. 

From  the  United  States  Census  for  1900  (Statistical  Atlas,  plates 
128  and  180)  ft  may  be  estimated  that  the  value  of  farm  lands  doubled 
dtiring  the  period  under  consideration  (from  nine  to  eighteen  billions) 
and  that  of  capital  invested  in  manufactures  increased  four-fold  (from 
two  and  a  half  to  ten  billions  of  dollars).  If  is  certain,  I  think,  that 
the  value  of  the  equipment,  buildings  and  grounds  and  that  of  the  pro- 
ductive funds  of  institutions  for  the  higher  edttcation  has  increased  in 
a  ratio  greater  even  than  that  of  the  capital  invested  in  manufactures. 
The  evident  rapid  increase  in  the  vested  funds  devoted  to  medical  edu- 
cation is  one  of  the  most  encouraging  features. 

The  success  that  has  followed  the  endowment  of  a  hospital  for  med- 

73 


158 


BULLETIN    OF   THE    UNIVERSITY    OF    WISCOXSIX. 


ical  teaching  by  Johns  Hopkins  and  for  the  associated  medical  school 
by  Mary  Garrett  and  others;  the  gifts  to  the  medical  departments  of 
Columbia  University,  at  New  York,  and  the  Western  Reserve  Univer- 
sity, at  Cleveland;  the  more  recent  endowments  of  the  medical  depart' 
ments  of  Cornell  University  at  Ithaca,  N.  Y.,  and  of  Tulane  University 
at  New  Orleans;  the  gifts  for  the  medical  science  building  at  Pennsyl- 
vania, the  establishment  of  the  Rockefeller  Institute  and  the  recent 
magnificent  gifts  for  the  Harvard  Medical  School,  it  is  to  be  hoped  in- 
dicate a  tendency  on  the  part  of  public  spirited  citizens  to  endow  medi- 
cine as  it  should  be  endowed.  We  must  also  expect  far  more  liberal 
support  from  the  State.  In  no  way  does  the  public  pay  more  dearly 
for  its  lack  of  liberal  support  of  educational  institutions  than  in  its 
attitude  toward  medicine.  It  is  a  debt  paid  not  only  with  money  btit 
with  life.  (See  W.  H.  Welch,  Higher  Medical  Education  and  the  Needs 
of  its  Endowment,  Medical  News,  July  21,  1894;  L.  F.  Barker,  Medicine 
and  the  Universities,  American  Medicine,  1902.) 

TABLE  B,  NOTE  21. 


University. 


Harvard' 

Columhia 

Johns  Hopkins"''  .. 
Western  Reserve  . 

Penns.vlvauia 

U.  of  Californi-i  .. 
Northwestern 


Boston,  Mass  ... 

New  York 

Baltimore,  Md.. 
Cleveland,  Ohio 
Philadelphia,  Pa 
S'n  fr'nciscOiral 
Chicago,  III 


Rusli^ I  Chicago,  111. 


■-    J. 

z.  a 

z 

Value  of 
grounds 
and 
build- 
ings. 

Value  of 
endow- 
ments. 

32 

111 

506 

$600,000 

$1,000,000 

!     36 

66 

827    2,2.50.000 

478,227 

18 

21 

i29       171,000 

426,866 

26 

18 

126 

300,000 

200. COO 

28 

43 

542 

9 

19 

20 

140 

300, OCO 

? 

38 

1.-) 

4&5j      225,000; 

50,000 

00 

115 

792 

375.000 

? 

Annual 
income. 


$163,0"0  $200 

n90,000,  200 

^63.00o'  200 

26,000'  125 


<120,000 
25,536 
63,913 

65,000 


200 
150 
135 
137 


'  Harvard  University  has  under  constructioii  a  set  of  five  huildines  which  will  far  ex- 
ceed in  beautv  and  fitness  any  at  present  in  this  eountrv.  The  buildings  areexiiected  to 
cost  .?1. 800.000  and  the  eQuipm°nt  S50  000.  An  endowoment  fund  of  about  .$.3,000,000  has 
likewise  been  provide  i  for  Of  the  lartte  sum  of  nionev  which  it  was  necessary  to  raise 
for  the  buildiners  and  toward  increasine  the  endowment.  Mr.  .J  P.  Morgan  contributed 
$1,135,000,  Mr.  J.  D.  Roc kerfeller.*!, 000.000.  Mrs.  A.  P  Huntington  $2.50.000.  Mr.  J  Still- 
man  $100,000  and  numerous  generous  friends  nf  thp  TillptTe  have  made  up  the  remainder. 
( Vid.    Ropor'  of  the  President  and  Treasurer  for  1^101-2.) 

-The  Johus  Hopkins  Ho-pital,  with  an  endowment  of  $3,.500.000,  is  essentially  a  part 
of  the  school.  . 

3  The  fir>t  two  years  of  a  four  year  course  a^re  spent  at  tlie  University  of  Chicaco. 

*  Unofficial  estimate. 

The  majority  of  the  medical  schools  have  no  endowment  and  consid- 
ering the  wealth  of  the  country  there  is  as  yet  no  school  endowed  as 
liberally  as  it  should  be,  no  institution  adequately  supported  by  the 
State.    The  preceding  table  indicates  the  number  of  students  studying. 
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medicine,  the  number  of  professors  and  instructors,  the  estimated  value 
of  the  buildings,  and  the  total  income  of  a  few  of  the  best  supported 
schools  in  1901-1902.  It  is  based  primarily  on  the  Report  of  the  Com- 
missioner of  Education  for  1902.  In  several  of  the  institutions  there 
has  be?n  a  marked  decrease  in  the  number  of  students  since  that  date. 
This  is  owing  in  part  to  higher  standards  of  admission. 

At  the  other  end  of  fhe  scale  are  such  institutions  as  the  Knoxville 
Medical  School  with  eight  professors,  two  instructors,  tw;nty-one  stu- 
dents, a  tuition  fee  of  $37.00  and  a  total  annual  income  of  $790.00,  and 
the  Woman's  Medical  College.  Ba'.timore.  with  sixteen  professors,  eight 
instructors,  twenty-five  students,  and  an  annual  income  of  $1,818.00. 

Unfortunately  the  majority  of  educational  institutions  either  publish 
no  financial  reports  or,  like  most  of  the  State  universities,  publish  them 
in  such  a  form  that  no  adequate  knowledge  can  be  gained  of  the  funds 
and  running  expenses  of  the  various  departments. 


22,    (p.    99).     SCIENTIFIC    ANATOMICAL    LABORATORIES    IX 
MEDICAL  SCHOOLS. 

(a)     productiveness. 

In  Note  15  I  have  spoken  of  the  scientifically  productive  anatomists 
who  held  chairs  in  medical  schools  previous  to  the  eighties.  Of  recent 
years  the  number  of  such  men  has  greatly  increasad. 

At  Harvard  T.  Dwight  was  instructor  in  histology  and  later  in  topo- 
graphical anatomy  previous  to  becoming  professor  of  anatomy  in  1883. 
Professor  Dwight  has  been  a  more  extensive  contributor  to  the  science 
of  human  anatomy  than  any  of  his  predecessors  in  this  country,  and 
has  used  more  extensively  than  heretofore  the  material  of  the  dissect- 
ing room  for  scientific  studies  of  variation,  especially  in  the  fields  of 
the  muscular  and  skeletal  systems.  He  has  added  extensively  to  the 
anatomical  museum  and  has  established  a  valuable  collection  of  skele- 
tons to  illustrate  structural  variation.  He  was  also  the  first  in  the 
country  to  make  use  of  frozen  sections  of  the  body  and  in  his  laboratory 
S.  F.  Mixter  introduced  digestion  for  the  corrosion  of  injected  specimens. 
Among  others  who  have  contributed  from  Professor  Dwight's  labora- 
tory may  be  mentioned  S.  W.  Allen,  E-  A.  Codman,  assistant  in  surgery, 
Harvard,  F.  Dexter,  H.  A.  Lothrop,  instructor  in  surgery,  Hansard, 
R.  W.  Lovett,  assistant  in  orthopedics.  Harvard,  H.  P.  Mosher,  assistant 
in  anatomy.  Harvard,  O.  K.  Newell.  B.  Tenney  and  J.  Warren,  demon- 
strator of  anatomy.  Harvard. 
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C.  S.  Minot,  v.'ho  became  instructor  of  histology  and  embryology  in 
1883,  assistant  professor  in  1887,  and  professor  in  1892,  was  the  first  In 
this  country  to  give  these  subjects  their  proper  position  in  tne  medical 
curriculum,  and  among  the  first  to  encourage  by  example  advanced  re- 
search in  these  fields.  He  has  done  much  to  advance  the  study  of 
morphology  not  only  in  medical  schools,  but  also  in  the  collegiate  de- 
partments of  our  universities.  The  collection  of  vertebrate  embryos 
prepared  for  microscopic  study  under  Dr.  Minot's  direction  at  the 
Harvard  Medical  School  is  probably  the  best  and  most  complete  of  its 
kind  in  the  world.  The  use  of  this  collection  is  freely  offered  to  trained 
investigators.  Among  those  who  have  made  contributions  from  Pro- 
fessor Minot's  laboratory  may  be  mentioned  R.  T.  Atkinson,  J.  F.  Bower, 
J.  L.  Bremer,  instructor  in  histology,  Harvard  Medical  School;  F.  Dex- 
ter, A.  C.  Eycleshymer,  professor  of  anatomy,  the  University  of  St. 
Louis;  F.  T.  Lewis,  instructor  iji  histology,  the  Harvard  Medical  School; 
G.  C.  Price,  assistant  professor  of  embryology,  Leland  Stanford  Uni- 
versity; A.  Shaper,  professor  of  anatomy,  the  University  of  Breslau, 
Germany;  F.  A.  Woods,  E.  Taylor  and  J.  Warren. 

At  the  University  of  Michigan.  G.  C.  Huber,  who  became  assistant 
demonstrator  of  histology  and  embryology  in  1887,  assistant  professor 
in  1893,  and  professor  in  1902,  and  J.  P.  MacMurrich,  professor  of  anat- 
omy since  1893,  have  made  the  anatomical  laboratories  there  noted  for 
their  scientific  productions.  Lydia  M.  DeWitt.  instructor  in  histology 
and  embryology,  has  likewise  done  important  work.  A.  H.  Roth,  R.  C. 
Bourland  and  E.  W.  Adamson  have  also  contributed. 

At  the  University  of  Pennsylvania.  G.  A.  Piersol,  demonstrator  of  his- 
tology and  embryology%  1884-89,  professor,  1889-91,  and  professor  of 
anatomy,  1891-.  has  contributed  to  embryology  and  teratology  and  is  the 
author  of  a  favorite  text-book  on  histology.  From  1901  to  1904  E.  H. 
Gregory,  now  professor  of  anatomy  at  the  Northwestern  University, 
was  assistant  professor  of  anatomy. 

At  Columbia.  G.  S.  Huntington,  assistant  demonstrator  of  anatomy, 
1886-89,  lecturer,  1889-1890,  and  professor  since  1892,  has  been  the  first 
in  the  country  to  realize  the  full  importance  of  comparative  anatomy  to 
human  anatomy  and  has  built  up  a  splendid  museum  for  the  purpose  of 
instruction  and  research.  Among  those  who  have  made  contributions 
from  'this  laboratory  may  be  mentioned  J.  A.  Blake,  instructor  in 
surgery,  Columbia;  C.  Carmalt.  assistant  demonstrator  of  anatomy, 
Columbia;  B.  B.  Gallaudet,  instructor  in  surgery,  Columbia;  A.  Hrdlicka, 
curator  of  anthropology.  National  museum;  E.  A.  Spitzka;  and  A.  S. 
Vosburgh,  assistant  demonstrator  of  anatomy,  Columbia. 

The  value  of  a  museum  for  medical  instruction  has  been  treated  of 
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by  Professor  Huntington  in  Science,  vol.  9,  1899;  vol.  13,  p.  601,   1901, 
and  Am.  Journal  Med.  Science,  1898. 

Since  1890  many  appointments  to  professorships  in  anatomy,  histology 
and  embryology  have  been  given  to  men  whose  aim  is  to  advance  the 
subject  in  its  scientific  aspects. 

Among  them  may  be  mentioned  in  addition  to  those  named  above, 
R.  D.  \Miith8ad,  professor  of  anatomy,  the  University  of  North  Carolina, 
1890;  W.  Keller,  professor  of  anatomy,  Texas,  1892;  T.  G.  Lee,  pro- 
fessor of  histology  and  embryology,  Minnesota,  1892;  F.  P.  Mall,  prf»- 
fessor  of  anatomy,  the  Johns  Hopkins  University,  1893;  R.  J.  Terrj-, 
professor  of  anatomy,  "Washington  University,  St.  Louis,  1895;  W.  S. 
Nickerson.  assistant  professor  of  histology,  Minnesota,  1897;  A.  T.  Kerr, 
professor  of  anatomy,  Cornell,  1898;  C.  M.  Jackson,  professor  of  anat- 
omy, Missouri,  1899;  R.  G.  Harrison,  associate  professor  of  anatomy, 
Johns  Hopkins  University,  1899;  L.  F.  Barker,  professor  of  anatomy, 
Chicago,  1900;  R.  R.  Bensley,  assistant  professor  of  anatomy,  Chicago, 
1901;  J.  L.  Flint,  professor  of  anatomy,  and  I.  Hardsty,  assistant  profes- 
sor, California,  1901;  A.  C.  Eycleshymer,  professor  of  anatomy.  Univer- 
sity of  St.  Louis,  1902;  G.  H.  Hoxie,  assistant  professor  of  anatomy, 
Kansas,  1902;  F.  C.  Waite,  assistant  professor  of  histology-  and  embry- 
ology. Western  Reserve  University,  1902;  B.  G.  Meyers,  associate  pro- 
fessor of  anatomy.  University  of  Indiana,  1903;  A.  C.  Pohlman,  assistant 
professor  of  anatomy.  University  of  Indiana,  1904;  E.  H.  Gregory,  pro- 
fessor of  anatomy.  Northwestern  University,  1904;  W.  H.  Lewis,  asso- 
ciate professor  of  anatomy,  Johns  Hopkins  University,  1904. 

The  next  step  in  advance  has  come  from  offering  the  positions  of 
demonstrators,  instructors  and  assistants  to  young  men  interested 
rather  in  the  development  of  the  science  than  in  exploiting  it  for  the 
sake  of  surgery.  The  establishment  of  a  well  endowed  school  in  con- 
nection with  the  Johns  Hopkins  University  gave  Professor  Mall  this 
opportunity  which  he  has  utilized  most  successfully.  His  example  has 
been  followed  in  a  number  of  other  institutions  and  is  likely  to  be  fol- 
lowed in  all  the  better  schools.  Research  on  the  part  of  graduates  and 
undergraduate  students  of  the  medical  schools  has  at  the  same  time 
been  greatly  encouraged. 

The  following  in  addition  to  Professor  Mall  have  made  scientific  con- 
tributions from  the  anatomical  laboratory  of  the  Medical  Department  of 
the  Johns  Hopkins  University:  C.  R.  Bardeen,  professor  of  anatomy, 
the  University  of  Wisconsin;  L.  F.  Barker,  professor  of  anatomy,  the 
University  of  Chicago;  R.  B.  Bean,  assistant  in  anatomy.  Johns  Hopkins 
University;  H.  M.  Berkely,  clinical  professor  of  psychiaty,  Johns  Hop- 
kins University;   J.  :m.  Berry;  C.  E.  Brush;  H.  A.  Christian,  instructor 
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in  pathology,  Harvard  Medical  School;  W.  J.  Calvert,  assistant  professor 
of  medicine,  the  University  of  Missouri;  J.  G.  Clark,  professor  of  gj^ne- 
cology  and  obstetrics,  the  University  of  Pennsylvania;  A.  W.  Elting; 
J.  M.  Flint,  professor  of  anatomy,  the  University  of  California;  H.  A. 
Fowler;  R.  G.  Harrison,  associate  professor  of  anatomy,  the  Johns  Hop- 
kins University;  P.  K.  Gilman;  G.  L.  Hendrickson;  M.  Herrington;  E. 
C.  Hill;  J.  M.  Hitzrot;  A.  G.  Hoen,  professor  of  pathology,  Richmond, 
Va. ;  A.  T.  Kerr,  professor  of  anatomy.  Cornell  University;  W.  B.  John- 
son; H.  McE.  Knower.  instructor  in  anatomy,  Johns  Hopkins  Univer- 
sity; W.  H.  Lewis,  associate  professor  of  anatomy,  the  Johns  Hopkins 
University;  £.  L.  Melius;  J.  B.  MacCallum,  associate  professor  of  physi- 
ology, the  University  of  California;  A.  \V.  Meyer;  B.  D.  Meyers,  asso- 
ciate professor  of  anatomy,  the  University  of  Indiana;  A.  G.  Pohlman, 
assistant  professor  of  anatomy,  the  University  of  Indiana;  R.  L.  Ran- 
dolph, professor  of  ophthalmology,  the  Johns  Hopkins  University;  F.  R. 
Sabin.  associate  in  anatomy,  the  Johns  Hopkins  University;  Dr.  E. 
Stieren;  G.  L.  Streeter.  instructor  in  anatomy,  the  Juhns  Hopkins  Uni- 
versity; M.  T.  Sudler,  instructor  in  anatomy,  Cornell  University;  G. 
Walksr.  instructor  in  surgery,  the  Johns  Hopkins  University;  R.  G. 
Whitehead,  professor  of  anatomy,  the  University  of  North  Carolina; 
H.  M.  Young,  associate  profes'sor  of  surgery,  the  Johns  Hopkins  Uni- 
versity. (For  a  description  of  the  anatomical  courses  and  laboratory 
of  the  Johns  Hopkins  University  see  articles  by  Mall,  Barker,  Bardeen, 
and  Hoen,  in  the  Johns  Hopkins  Hospital  Bulletin,  May-June,  1896.) 

At  the  University  of  Chicago  studies  in  normal  anatomy  are  carried 
on  in  the  anatomical  department,  the  neurological  department  and  the 
zoological  department.  In  addition  much  of  the  work  done  in  the 
physiological,  pathological  and  botanical  departments  has  bearing  on 
anatomical  problems.  All  of  these  departments  have  been  in  operation 
since  the  founding  of  the  University  in  1892.  The  anatomical  depart- 
ment was  at  first  placed  in  charge  of  Professor  F.  P.  Mall.  In  1893 
Professor  Mall  took  charge  of  the  anatomical  department  of  the  Johns 
Hopkins  University  and  anatomy  at  Chicago  was  placed  in  charge  of 
A.  C.  Eycleshymer.  The  department  was  re-organized  with  L.  F.  Bar- 
ker as  professor  of  anatomy  in  1900,  when  the  University  entered  into  - 
aiBliation  with  the  Rush  Medical  College  and  established  a  four  year 
course  of  which  the  first  two  years  are  given  at  the  University.  Among 
those  who  have  made  contributions  from  the  anatomical  laboratory  in 
addition  to  Professor  Barker  may  be  mentioned  R.  R.  Bensley,  assistant 
professor  of  anatomy,  the  University  of  Chicago;  A.  C.  Eycleshymer, 
professor  of  anatomy.  University  of  St.  Louis;  J.  M.  Flint,  professor  of 
anatomy,  the  University  of  California;  I.  Hardesty,  associate  professor 
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of  anatomy,  the  University  of  California;  P.  Kyes,  assistant  professor 
of  anatomy,  the  University  of  Chicago;  D.  D.  Lewis,  J.  G.  Wilson  and 
D.  G.  Revell,  instructors  in  anatomy,  the  University  of  Chicago;  G.  E. 
Shambaugh:  F.  C.  Waite,  professor  of  histologj' and  embryologj',  West- 
ern Reserve  University;  and  R.  D.  Whitehead,  professor  of  anatomy, 
the  University  of  North  Carolina. 

The  neurological  department,  under  the  direction  of  Professor  H.  H. 
Donaldson,  is  the  foremost  center  for  neurological  research  in  the 
country.  Among  those  who  have  made  valuable  contributions  from 
his  laboratory  may  b?  mentioned  Elizabeth  H.  Dunn,  S.  Hatai,  I.  Har- 
desty,  C.  E.  Ingbert.  S.  W.  Ranson.  J.  R.  Slonaker,  and  Helen  Thomp- 
son. This  list  includes  only  those  v/ho  have  contributed  several  im- 
portant articles. 

The  zoological  department  which  has  likewise  been  a  most  active  cen- 
ter for  anatomical  research  is  treated  more  fully  in  note  32. 

For  the  following  account  of  anatomy  at  Cornell  I  am  indebted  to 
Prof.  S.  H.  Gage: 

At  th?  opening  of  Cornell  University  in  1868  provision  was  made  for 
teaching  and  investigation  in  Comparative  Anatomy  and  Zoology.  The 
professor  at  the  head  of  the  department  (B.  G.  Wilder,  appointed  in 
1867)  also  gave  instruction  to  freshmen  in  all  courses  in  physiology 
and  hygiene.  From  the  beginning  the  work  in  anatomy  included  a 
study  of  human  osteology  and  the  dissection  of  preserved  human  mate- 
rial (mostly  still-born  children)  as  well  as  the  study  and  dissection  of 
the  lower  animals.  Some  of  Professor  Wilder's  earlier  papers  dealt 
with  comparisons  of  human  and  animal  structures  and  philosophical 
.considerations  in  morphology  and  teleologj'.  (A  list  of  Dr.  Wilder's 
.scientific  publications  down  to  1893  may  be  found  in  the  Wilder  Quar- 
ter Century  Book,  the  first  American  Festschrift  presented  to  a  teacher 
by  his  pupils.) 

In  tracing  the  history  of  the  original  department  four  special  aims 
seem  to  have  been  dominant:  (1)  to  give  the  best  possible  elementary 
instruction  to  beginning  students;  (2)  to  encourage  those  especially 
interested  to  do  advanced  work  and  to  undertake  the  investigation  of 
special  problems:  (3)  to  so  combine  the  study  of  human  and  compara- 
tive anatomy  that  those  aiming  to  become  physicians  could  most  intelli- 
gently and  successfully  pursue  their  later  medical  studies;  and  (4) 
.the  establishment  of  independent  departments  with  the  growth  of  the 
university. 

At  the  present  time  (1905)  the  v,-ork  once  included  in  the  original 
department  is  carried  on  by  seven  independent  departments  as  follows: 
f  ^9 
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(1)  the  original  department  founded  in  18B8  and  now  designated  the 
department  of  Neurology  and  Vertebrate  Zoolog>-.  It  is  still  under  the 
direction  of  Professor  Wilder.  (2)  The  department  of  Entomolog>-  and 
Invertebrate  Zoology,  directed  by  Professor  J.  H.  Comstock,  founded  in 
1882.  (3)  The  department  of  Histology  and  Embryology,  under  the 
direction  of  Professor  S.  H.  Gage.  This  department  became  partly 
independent  in  1885-86  and  wholly  so  in  1895-96.  (4)  The  department 
of  Veterinary  and  Comparative  Anatomy  under  the  direction  of  Pro- 
fessor G.  S.  Hopkins,  founded  in  1896.  (5)  The  department  of  Compara- 
tive Physiologj',  under  the  direction  of  Professor  P.  A.  Fish,  founded, 
1896.  The  departments  of  Veterinary  Anatomy  and  Comparative  Phys- 
iology (4,  5  above)  were  also  a  part  of  the  original  chair  of  Veterinary 
Medicine  founded  in  1868.  These  two  independent  departments  were 
made  possible  by  the  establishment  of  the  New  York  State  Veterinary 
College  upon  the  Cornell  Campus.  (6)  The  department  of  Human 
Anatomy,  founded  in  1898  and  conducted  for  the  first  two  years  by 
Dr.  L.  Coville  and  since  1900  by  Professor  A.  T.  Kerr.  (7)  The  depart- 
ment of  Physiology  founded  in  1898  in  connection  with  the  Medical 
College  and  conducted  first  by  Dr.  P.  A.  Fish  and  since  1903-4  by  Pro- 
fessor B.  F.  Kingsbury.  The  establishment  of  the  independent  depart- 
ments of  human  anatomy  and  physiology  in  Ithaca  was  made  possible 
by  the  foundation  of  the  Cornell  University  Medical  College  in  New 
York  city,  and  the  duplication  of  the  first  two  years  at  Ithaca. 

The  published  work  of  the  original  department  includes  the  numer- 
ous papers  in  scientific  periodicals  and  articles  in  encyclopedias  by 
Professor  Wilder  and  S.  H.  Gage,  and  papers  on  anatomical  and  zool- 
ogical subjects  by  W.  S.  Barnard,  S.  H.  Gage.  F.  L.  Kilborne,  T.  B. 
Stowell,  Tracey  E.  Clark,  P.  A.  Fish,  H.  W.  Norris.  G.  S.  Humphrey, 
Ida  H.  Hyde,  B.  F.  Kingsbury,  S.  E.  Meek.  B.  B.  Stroud  and  H.  D. 
Reed.  From  the  department  of  Eutomologj*  and  Invertebrate  Zool- 
ogj-,  the  first  independent  department  to  bud  off.  have  originated  im- 
portant books  on  entomology  and  bulletins  upon  economic  entomology 
and  papers  on  insect  embryology  and  morphology. 

In  addition  to  the  important  publications  from  the  department  of 
Histology  and  Embryology  by  S.  H.  Gage  papers  have  been  published 
by  Theobald  Smith  with  S.  H.  Gage.  T.  B.  Spence,  G.  S.  Hopkins,  Leon- 
ard Pearson,  H.  E.  Summers,  B.  L.  Oviatt,  Susanna  Phelps  Gage,  Edith 
J.  Claypole,  Agnes  M.  Claypole.  B.  F.  Kingsbury,  R.  O.  Moody.  J.  G. 
Needham.  W.  A.  Hilton,  W.  F.  Mercer,  Marguerite  Hempstead,  Louise 
Katz,  J.  M.  Berry.  Isabella  M.  Green.  :Mar>'  J.  Ross.  B.  D.  Myers.  Ger- 
trude A.  Gillmore. 
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From  the  department  of  Veterinary  and  Comparative  Anatomy 
papers  have  been  contributsd  by  G.  S.  Hopkins  and  M.  J.  Ross. 

From  the  department  of  Comparative  Physiology-  besides  manuals 
and  papers  dealing  with  physiologj'  and  pharmacologj",  there  are  ana- 
tomical papers  by  P.  A.  Fish.  A.  T.  Kerr,  and  M.  T.  Sudler. 

From  the  department  of  Physiologj",  anatomical  papers  have  been 
published  by  B.  F.  Kingsbury. 

In  Xcw  York  the  work  done  in  gross  anatomy  falls  in  one  depart- 
ment while  that  dona  in  histology  is  under  the  department  of  pathol- 
og^-.  The  undergraduate  courses  include  normal  histolog>'  under  J.  S. 
Ferguson,  embryology-  under  I.  Strauss  and  the  histology  of  the  nerv- 
ous system  under  M.  G.  Schlapp. 

In  addition  to  papers  by  Dr.  Ferguson  and  Dr.  Schlapp  articles  on 
anatomical  subjects  have  been  contributed  by  Professor  J.  Ewing,  head 
of  the  department  of  Pathology-. 

Both  Dr.  George  Woolsey.  Professor  of  Anatomy,  and  J.  S.  Haynes, 
Professor  of  Practical  Anatomy,  have  published  papers  from  the  New 
York  department  of  gross  human  anatomy. 

Of  the  anatomical  laboratories  in  medical  schools  which  have  re- 
cently exhibited  scientific  activity,  that  of  J.  L.  Flint  at  the  University 
of  California  deserves  especial  mention. 

The  passing  over  of  the  anatomical  departments  of  our  schools  into 
the  hands  of  men  professionally  devoted  to  the  subject  marks  a  step 
in  advance  not  only  from  the  standpoint  of  scientific  progress  but  also 
from  that  of  the  education  of  the  medical  student.  Only  those  who 
are  theniiselves  endeavoring  to  advance  a  subject  can  realize  the  prog- 
ress that  others  are  making.  A  mere  teacher  drills  in  the  beliefs  of 
yesterday  rather  than  in  the  knowledge  of  today. 

While  the  increase  in  scientific  activity  in  the  laboratories  devoted 
to  the  anatomical  sciences  in  the  various  institutions  is  c?rtainly  en- 
couraging it  is  still  far  from  what  it  should  be.  Probably  500  indi- 
viduals are  engaged  in  teaching  anatomy  in  the  166  medical  schools  of 
the  country  and  it  may  be  estimated  that  probably  over  $500,000  a 
year  is  expended  for  the  various  anatomical  courses  maintained.  In 
Tess  than  twenty-five  institutions  is  scientific  research  seriously  at- 
tempted in  the  anatomical  departments  of  the  medical  schools. 
Among  these  may  be  mentioned  the  University  of  California,  Chicago 
fRush),  Columbia.  Cornell,  Harvard,  Indiana,  the  Johns  Hopkins,  Kan- 
sas, Michigan,  Minnesota,  Missouri.  Nebraska,  North  Carolina,  Penn- 
sylvania, St.  Louis,  and  Texas. 
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(b)  Xature  of  Instruction. 

The  nature  of  the  instruction  in  human  anatomy  given  in  this  coun- 
try has  been  thus  recently  summed  up  by  F.  P.  Mall: 

"It  is  possible  to  classify  the  teaching  of  anatomy  in  America  under 
four  heads. 

"The  first  and  lowest  order  is  found  in  those  schools  which  give  a 
course  of  crude  lectures  on  anatomy  with  a  dissecting-room  in  which 
the  work  is  not  directed,  but  is  done  in  a  superficial  way.  Often  the 
students  do  not  dissect  at  all.  At  best  they  use  a  brief  guide  or  a 
quiz  compend  which  enables  the  student  to  'learn  enough'  to  pass 
the  examinations. 

"The  teaching  of  anatomy  is  of  a  higher  order  when  it  follows 
closely  some  text-book,  especially  Gray,  when  it  has  lectures  and  reci- 
tations and  enough  work  in  the  dissecting-room  to  enable  the  student 
to  identify  the  grosser  structures,  thereby  giving  enough  information 
to  enable  the  student  to  pass  State  examinations.  Most  of  the  medical 
students  desire  courses  of  this  order. 

.  "In  a  third  and  higher  order  of  medical  school,  about  twenty  or 
■which  may  be  counted,  the  course  is  given  to  aid  the  student  In  their 
subsequent  medical  studies.  Practical  things  are  pointed  out  in  lec- 
tures, and  emphasized  again  in  the  dissecting-room,  and  finally  the 
gtudent  is  examined  upon  them.  Both  students  and  teachers  work 
pretty  hard,  and  at  the  end  of  the  course  all  feel  that  much  good  has 
been  done. 

•  "In  the  fourth  order  of  anatomical  course  it  is  considered  that  there 
are  others  to  be  satisfied  besides  the  teachers  in  a  few  practical 
branches — there  are  teachers  in  the  other  sciences,  physiology,  neurol- 
ogy, pathology,  as  well  as  anatomy  itself.  A  student  told  me  recently 
that  he  had  been  studying  one  thing  to  help  him  in  another  all  of  his 
•life,  and  he  was  dead  tired  of  it;  he  now  desired  to  study  things  that 
■p-ere  worth  studying  for  their  own  sake.  For  him  anatomy  could  not 
Tpe  considered  an  ancillary  science.  In  presenting  a  science  to  stu- 
dents no  attitude  can  be  defended,  except  that  in  which  the  science 
iS'  studied  for  its  own  sake.  In  so  doing  the  development  of  the  stu- 
|dent  cannot  possibly  be  ignored,  for  understanding  and  self-develop- 
jnent  go  hand  in  hand."  (J.  H.  U.  Hospital  Bulletin,  vol.  XVI,  No. 
167,  February,  1905.) 
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(c)  Expenses. 

Comparatively  few  educational  institutions  publish  detailed  accounts 
of  income  and  expenditure.  It  is  unfortunate  that  the  policy  of  se- 
crecy is  so  prevalent  in  their  financial  administration.  Those  uni- 
versities which  like  Harvard  and  Columbia  publish  full  statements  of 
receipts  and  expenditures  certainly  seem  to  gain  the  confidence  of 
those  wealthy  members  of  the  community  who  desire  to  aid  educa- 
tional advancement.  The  State  universities  likewise  publish  more  or 
Isss  full  accounts  of  receipts  and  expenditures  but  as  a  rule  in  so 
cumbersome  a  form  that  it  is  difficult  to  gain  insight  into  expenditures 
for  specific  purposes. 

In  thirty-six  medical  schools  about  $2.50,000  a  j-ear  is  spent  on 
gross  and  microscopic  anatomy  and  on  histology.  It  seems  quite  prob- 
able that  the  other  130  schools  spend  an  equal  sum,  if  not  much  more, 
upon  that  subject. 

At  the  Harvard  Medical  School  there  is  a  department  of  "anatomy" 
with  a  professor,  an  assistant  professor,  a  demonstrator  and  seven 
assistant  demonstrators,  and  a  department  of  histolog>-  and  embryol- 
ogy' with  a  professor,  two  instructors  and  three  assistants.  In  addition 
there  is  a  curator  of  the  anatomical  museum.  Although  no  specific 
itemized  salary  list  is  published  (for  the  whole  medical  school  the 
salaries  for  instructors  amounted  in  1902-3  to  $102,091.66)  it  is  safe 
to  estimate  the  amount  paid  for  salaries  for  anatomical  instruction 
at  about  $20,000.  Two  special  janitors  and  a  technician  are  employed 
at  a  cost  of  not  much  less  than  $2,000.  The  appropriations  for  the 
year  1902-3  for  laboratory  supplies  and  apparatus  were  for  'anatomy" 
$2,750.00,  histologj-  and  embryology  $1,186.45,  and  for  the  museum 
$312.00.  For  som.e  of  the  other  departments  they  were  as  follows: 
chemistry,  $1,232.39;  physiologj',  $4,307.41;  patholog>',  $800.00.  The 
accounts  of  the  various  laboratories  of  the  scientific  departments  at 
Cambridge  are  not  published  in  such  form  that  comparison  with  the 
figures  of  the  anatomical  department  is  made  easy.  The  payments  for 
the  Museum  of  Comparative  Zoology'  were  $42,082.36.  In  addition  ap- 
propriations were  made  for  the  zoological  department. 

At  Coluinliia  rniversity  for  the  year  1902-3  in  the  anatomical  de- 
partment (human  and  comparative  vertebrate  anatomy)  the  salaries 
of  the  instructional  force  (a  professor,  a  demonstrator  and  eight  as- 
sistant demonstrators)  amounted  to  $18,281.25.  For  supplies  $3,292.12 
was  granted  and  for  special  service  (a  technician,  an  artist  and  three 
janitors)  $3,240.00.     Histology  is  there  given  in  the  pathological  depart- 
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ment  for  which  the  following  appropriations  were  made:  salaries, 
$28,094.40;  supplies,  $2,392.76;  apparatus.  $197.57.  For  physiology  the 
following  sums  were  allowed:  salaries,  $13,099.99;  supplies,  $950.54; 
laboratory'  equipment,  $455.93;  table  at  Woods  Hole,  $100.00.  In  the 
zoological  department  of  the  University  $16,450.60  was  allowed  for  sal- 
aries, $1,199.66  for  apparatus,  and  $78.33  for  special  purposes.  In  the 
botanical  department  $8,324.96  was  given  for  salaries  and  $599.54  for 
supplies. 

At  Chicago  University  although  no  detailed  account  of  expenditures 
is  published  the  departments  devoted  to  the  anatomical  sciences  are 
run  on  a  scale  at  least  fully  as  liberal  as  those  at  Harvard  and  Colum- 
bia. There  are  in  the  department  of  anatomy  a  professor,  two  assist- 
ant professors  and  seven  instructors  and  assistants:  in  the  department 
of  neurology  a  professor  and  two  associates  and  an  assistant;  and  in 
the  department  of  embryology  an  associate  professor  and  one  or  more 
instructors.  In  these  laboratories  an  artist  and  several  technicians 
and  special  janitors  are  employed.  The  total  running  expenses  prob- 
ably amount  to  over  $40,000. 

The  Johns  Hopkins  University  publishes  no  account  of  its  yearly 
expenditures.  There  are  on  the  teaching  staff  of  the  department  of 
anatomy  (gross  human  anatomy,  histology  and  embryology)  a  pro- 
fessor, two  associate  professors,  an  associate,  two  instructors  and  sev- 
eral assistants.  The  total  amount  paid  for  salaries  is  a  little  over 
$12,000.  A  technician  and  two  janitoi-s  are  employed  in  addition  to 
an  engineer  and  occasional  extra  service.  For  these  the  salaries  must 
amount  to  $2,000.  Four  thousand  dollars  may  be  counted  for  labora- 
tory expenses.  Thus  the  total  yearly  expenditures  at  this  university 
amount  to  nearly  $20,000. 

Cornell  University  offers  instruction  in  anatomy  both  at  Ithaca, 
N.  Y.,  and  in  New  York  city.  At  Ithaca  there  is  a  professor  of  neu- 
rology, one  of  histolog>'  and  embryology  and  one  of  anatomy,  and  in 
addition  there  are  (1904-5)  eleven  instructors  and  assistants  in  the 
various  laboratories  devoted  to  the  above  subjects.  At  New  York  there 
are  two  professors  and  an  instructor  in  anatomy,  two  instructors  in 
histolog>',  and  one  in  embryology,  and  eleven  demonstrators  and  assist- 
ants in  anatomy  and  histologj'.  The  total  cost  of  running  these  vari- 
ous departments  must  be  considerably  over  $25,000.  At  New  York 
histology  is  given  in  the  department  of  pathology. 

At  the  endoiced  universities  in  which  the  most  scientific  research  is 
carried  on,  the  yearly  expenses  in  the  departments  devoted  to  anatomy 
in  the  medical  school  may  be  said  to  range  from  $20,000  to  $40,000. 
In  the  leading  medical  schools  of  the  State  universities  less  is  spent 
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on  anatomy  but  in  them  research  is  confined  in  the  main  to  the  hard 
working  members  of  the  teaching  staff. 

At  the  medical  school  of  the  University  of  Minnesota  anatomy  is 
taught  in  two  separate  but  co-ordinated  departments,  that  of  ''anai- 
omy'  and   that  of  •'histology*  and  embryology."     In  the   former  there 

are  a  professor,  a  demonstrator  and  a  prosector.  For  the  year  1901-2 
the  salaries  of  the  staff  of  instruction  amounted  to  $3,300  and  the  ap- 
propriations for  the  laboratory  to  $3,070.14.  In  the  department  of 
embryology  and  histologj-  there  are  a  professor,  an  assistant  profes- 
sor, an  instructor  and  an  assistant.  In  1902  the  salaries  of  the  staff 
of  instruction  amounted  to  $.5,256.27  and  the  appropriation  for  the  lab- 
oratory- to  $2,490.49.  A  special  janitor  and  part  of  the  services  of  a 
carpenter  and  a  mechanic  are  at  the  disposal  of  the  two  departments. 
If  $1,500  be  counted  for  service,  the  total  amount  appropriated  for 
anatomy  at  this  university,  exclusive  of  heat,  light,  etc.,  amounted  in 
1901-2  to  over  $15,000.  In  addition  courses  in  comparative  anatomj- 
and  histology  are  given  in  the  biological  department.  The  appropria- 
tions for  this  and  various  other  departments  of  the  University  for  the 
year  1901-2  were  as  follows:  Botany:  salaries  $4,690,  bills  $4,175.37; 
biolog}-:  salaries.  $5,185,  bills.  $911.14:  physiologj-:  salaries  $3,476.26, 
bills  $2,384.20. 

At  the  University  of  Michigan  there  are  two  co-ordinate  departments, 
one  of  "anatomy"  and  one  of  'histology  and  emoryology."  In  the 
former  there  are  a  professor,  two  instructors  and  four  student  assist- 
ants; for  the  latter  a  professor  and  an  instructor.  A  specific  list  of 
the  salaries  paid  is  not  published.  They  amount  to  about  $10,000. 
For  the  year  1902-3  $2,224.86  was  allowed  for  the  laboratory  expenses 
of  the  anatomical  department  and  $1,221.06  for  those  of  the  department 
of  histology.  With  the  exception  of  the  janitor  of  the  anatomical  de- 
partment no  trained  technicians  are  employed.  The  total  yearly  ex- 
penditure for  the  laboratories  is  somewhat  less  than  $15,000. 

At  the  medical  school  of  the  University  of  California  in  the  ana- 
tomical department  there  are  a  professor,  an  assistant  professor,  an 
instructor  and  four  student  assistants.  The  salaries  of  the  instruc- 
tional force  amount  to  $6,650  and  $2,500  is  allowed  for  laboratory  ex- 
penses. A  skilled  technician  and  a  special  janitor  are  employed  the 
salaries  of  whom  amount  to  $1,.300.  The  total  running  expenses 
amount  to  about  $10,500.  For  these  data  I.  am  indebted  to  Professor 
Flint.     President  \Mieeler  kindly  permitted  their  publication. 

In  the  medical  departments  of  those  State  Universities  in  which  the 
most  scientific  vrork  in  anatomy  is  done  the  total  yearly  expenditures 
amount  to  between  $10,000  and  $15,000. 
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On  comparing  the  table  of  the  appropriations  allotted  to  the  ana- 
tomical laboratories  of  the  most  liberally  treated  American  institu- 
tions with  the  corresponding  figuues  given  in  note  10  for  the  German 
institutions  it  may  be  seen  that  in  general  the  allotments  in  America 
are  less.  As  to  salaries  it  is  probable  that  the  German  professors  of  ■ 
anatomy  are  better  paid  than  the  American,  while  the  American  in- 
structors and  associates  in  the  better  institutions  are  better  paid  than 
the  German  dozents. 

(d)  Salaries. 

For  502  "ordenliche  Professoren"  in  the  Prussian  Universities  for  the 
year  1900  the  average  incom'e  from  salaries  and  fees  was  11,735  M. 
Of  these  thirty  had  less  than  6,000  M.,  seven  between  30,000  and  40,000 
M.  and  three  over  40,000  M.  (Die  Universitaten  im  deutschen  Reich, 
W.  Lexis,  1904.)  The  professors  of  anatomy  are  among  those  who 
receive  the  highest  income.  One  German  professor  is  said  to  receive 
over  $10,000  a  year  from  his  courses  in  anatomy.  In  America  the 
highest  salary  paid  to  a  professor  of  anatomy  is,  I  believe,  $7,500. 
There  are  three  men  who  receive  over  $5,000  and  about  the  same  num- 
ber who  receive  $4,000  to  $5,000,  perhaps  six  who  receive  $3,000  and 
as  many  who  receive  between  $2,000  and  $3,000.  Several  others  re- 
ceive $2,000  or  less.  The  great  majority  receive  small  salaries  and 
depend  on  the  practice  of  medicine  for  a  living.  The  highest  salaries 
are  paid  in  endowed  institutions.  Assistant  and  associate  professors 
in  the  richer  endowed  institutions  receive  from  $1,500  to  $2,500  and  in 
the  more  liberal  State  institutions  from  $1,000  to  $2,000  according  to 
length  of  service.  Instructors  and  associates  receive  as  a  rule  from 
$800  to  $1,500  when  they  devote  all  their  time  to  teaching  and  research. 
Assistants  seldom  receive  more  than  $600.  In  America  the  professors 
and  instructors  in  the  medical  schools  who  devote  all  their  time  to 
administration,  teaching  and  research  are  paid  about  the  same  sal- 
aries which  are  paid  to  those  holding  corresponding  positions  in  other 
departments  of  the  universities.  Their  income  is  very  much  less  than 
the  more  successful  men  who  practice  medicine. 

(e)  Buildings. 

In  respect  to  laboratories  the  anatomical  departments  of  the  German 
universities  have  as  a  rule  a  decided  advantage  over  the  American. 
The  Harvard  Medical  School  will  soon  have  a  splendid  building  espe- 
cially  designed   for    the    subject.     Associated   with    the    University   of 
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Pennsylvania  is  the  Wistar  Institute,  a  fine  building  designed  for  the  ^ 
beautiful  Wistar  anatomical  museum  and  for  research,  but  the  build- 
ing can  not  be  uscd  for  undergraduate  teaching.  In  the  University 
laboratories  the  quarters  devoted  to  human  dissection  have  been  in- 
adequate. It  is  to  be  hoped  that  the  immense  building  recently  built 
there  for  laboratories  for  the  medical  department  will  now  permit 
much  more  adequate  quarters  to  be  arranged  for  the  student  work  in 
anatomy.  At  the  Johns  Hopkins  University  an  unpretentious  but  con- 
venient building  is  devoted  to  the  anatomical  department.  (See  F. 
Mall,  Bull.  Johns  Hopkins  Hospital,  1896.)  The  University  of  Chicago 
has  a  spc<?ial  building  for  anatomy.  At  Columbia  University,  Cornell 
University,  the  University  of  Michigan,  Syracuse  University,  the  Uni- 
versity of  California  and  the  University  of  Missouri  quarters  designed' 
especially  for  scientific  anatomy  have  been  placed  in  large  laboratories 
devoted  to  the  medical  sciences.  At  the  Universities  of  Iowa  and  Min- 
nesota there  are  special  btiildings  for  human  anatomy  while  histology 
and  embryolog>"  are  quartered  in  another  btiilding  devoted  to  the 
medical  sciences.  In  some  other  institutions  more  or  less  commodious 
quarters  are  given  to  gross  and  microscopic  anatomy  but  in  general 
anatomy  in  the  American  medical  schools  is  far  from  being  adequately 
housed.  In  the  better  institutions  from  12,000  to  50,000  square  feet  of 
floor  space  are  given  up  to  the  anatomical  laboratories. 

Professor  Flint  (Bull.  Johns  Hopkins  Hospital,  Feb.  190.5.  p.  33) 
has  described  the  alteration  of  an  old  fashioned  dissecting-room  into 
modern  quarters  for  scientific  anatomy  as  follows: 

'The  large  dissecting-room  was  provided  with  roof  light,  a  tarred 
floor  and  rough  brick  walls.  In  the  conversion  of  this  space  to  more 
modern  dissecting-rooms  several  points  concerning  anatomy  in  this 
country  had  to  be  born  in  mind.  In  the  first  place  anatomical  ma- 
terial was  often  poorly  preser\-ed  and  frequently  scant  in  quantity;  in 
the  second,  by  tradition,  sttidents  v.-ho  crossed  the  threshold  of  a  dis- 
secting-room assumed  at  times  that  they  were  absolved  from  all  stand- 
ards of  good  conduct.  Hats  were  worn;  students  dressed  in  out-land- 
ish  costumes.  Smoking  was  generally  permitted,  and  boisterous  con- 
duct accompanied  by  the  throwing  of  material,  were  not  infrequent 
occurrences.  To  break  this  tradition  and  to  obtain  in  a  measure  the 
morale  and  seriousness  characteristic  of  the  students  in  other  de- 
partments of  the  university,  we  profited  by  the  experience  of  Professor 
Mall  of  the  Johns  Hopkins  University,  who,  in  the  construction  of  his 
laboratory,  went  on  the  assumption  that  students  should  be  divided 
into  small  groups  and  should  be  provided  with  dissecting-rooms,  which 
resemble  a  modern  laboratory  more   than  they  do  a  stable.     Accord- 
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ingly,  the  large  dissecting-room  was  re-covered  v/ith  a  new  floor,  and 
was  cut  up  into  a  series  of  small  rooms,  each  with  a  capacity  of  from 
1  to  4  tables,  thus  segregating  small  groups  of  students.  In  this  way 
fewer  distractions  occur  and  one  obviates  the  inevitable  noise  that 
occurs  when  large  bodies  of  even  well  behaved  students  are  quartered 
in  the  same  laboratory.  The  rooms,  moreover,  were  fitted  with  es- 
pecial care  to  make  them  clean,  neat,  and  attractive,  hoping  in  this 
way  to  obtain  the  effect  of  a  pleasant  environment  upon  the  work  of 
the  students  during  the  period  of  dissection.  The  large  room  was  35 
by  100  feet,  and  was  subdivided  into  eight  small  dissecting-rooms,  a 
research  room  and  a  museum.  The  largest  of  these  small  dissecting- 
rooms  is  20  by  21  feet,  with  a  comfortable  capacity  of  four  tables  and 
a  maximum  of  six.  while  the  smallest  is  12^2  by  15  feet,  and  holds  one 
dissecting  table  conveniently.  The  remainder  are  so  arranged  as  to 
hold  from  one  to  three  tables.  The  rooms  are  provided  with  heavy 
tables  wath  zinc  tops,  draining  toward  the  center  into  a  bucket  sus- 
pended beneath  the  table.  Adjustable  arm-rests  and  book-stands  also 
form  part  of  the  equipment.  As  soon  as  the  body  is  cut  in  parts,  stu- 
dents are  no  longer  forc8d  to  work  together,  and  in  consequence  one 
or  two  small  tables  with  book-stands  are  provided  in  each  dissecting- 
room.  There  is  a  sink  with  running-water  and  a  large  drip-board  to 
hold  parts  while  they  are  being  moistened,  or  for  the  study  of  the 
viscera.  Each  room  has.  besides,  an  articulated  skeleton  for  conven- 
ient reference  and  a  blackboard  upon  which  schemata  may  be  drawn 
and  relations  studied.  During  the  period  of  dissection  the  student  is 
held  responsible  for  his  material,  which  must  be  carefully  wrapped 
in  cheese-cloth  at  the  close  of  each  laboratory  period.  These  wrap- 
pings are  moistened  in  a  solution  of  carbonic  acid,  glycerine  and 
water,  made  according  to  the  following  formula: 

Water  lOOOcc. 

Glycerine  30cc. 

Carbonic  acid  20cc. 

"This  procedure  prevents  desiccation  and.  at  the  same  time,  acts  to  a 
certain  extent  as  a  preservative." 

In  many  of  the  leading  institutions  anatomical  material  is  pre- 
served in  cold  storage  plants.  Recently  improved  methods  of  embalm- 
ing have,  however,  rendered  these  unnecessary  except  where  large 
numbers  of  bodies  must  be  cared  for. 
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(f)  Length  of  Courses. 

The  proportional  amount  of  time  devoted  to  human  gross  anatomy, 
histology-  and  embryology  varies  greatly  in  different  institutions. 
In  41  colleges  the  total  amount  of  scheduled  time  devoted  to  medical 
studies  during  the  four  years'  course  averaged  4095  hours  in  1902  3, 
the  total  amount  of  time  devoted  to  human  anatomy  549,  and  to  his- 
tology and  embryology  219.  The  standard  proposed  to  the  American 
Medical  Association  by  the  committee  appointed  to  study  the  subject 
is  3600  hours  for  the  course.  500  hours  for  anatomy  and  200  hours  for 
histology  and  embryologj'.  The  anatomical  studies  therefore  consti- 
tute about  a  fifth  of  the  medical  curriculum  proposed  for  American 
schools.  (See  Jrl.  Am.  Med.  Assn..  Aug.  15.  1903:  and  X.  Y.  Med.  JrL 
July.  1904.) 


23,    (p.   99).     CONTRIBUTIONS   FRO:\r  PHYSIOLOGICAL   AND 
PATHOLOGICAL   LABORATORIES. 

Among  the  important  contributions  to  anatomy  made  in  this  coun- 
try from  physiological  laboratories  may  be  mentioned  the  work  of 
Howell  on  the  blood,  of  Howell  and  Huber  on  the  regeneration  of 
nerves,  and  the  extensive  studies  of  Loeb  and  his  pupils  in  experi- 
mental morphology.  From  the  pathological  laboratories  the  work  of 
P.  P.  Mall  on  reticulum  and  on  the  blood  vessels  of  the  stomach,  of 
Berkley  on  nerve  endings  in  various  tissues,  of  Mallery  on  stains  and 
on  the  connective  tissues,  of  Adolph  Meyer  on  nerve  cells,  of  E.  L.  Opie 
and  R.  M.  Pearce  on  the  pancreas.  W.  G.  MacCalltim  on  the  lymphatics, 
and  Warthin  on  the  hasmolymph  glands  may  especially  be  mentioned. 
A  list  of  the  numerous  publications  by  clinicians  on  anatomical  sub- 
jects would  be  too  long  for  citation  here.  The  work  of  Osier  on  the 
blood-plates,  of  Williams  on  the  female  reproductive  organs,  of  Clark 
■on  the  ovary  and  corpus  luteum.  of  H.  Gushing  and  Allen  Starr  on  the 
nervous  system,  may.  however,  be  mentioned. 


24.   (p.  99).     DEVELOPMENT  OF  BIOLOGY  IN  AMERICA. 

For  the  history  of  the  development  of  the  biological  sciences  in  this 
country  see: 

A.  S.  Packard:     "A  Century's  Progress  in  American  Zoology."  Amer- 
ican Naturalist.  Vol.  10.  1876. 
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G.  Brown  Goode:  'Beginnings  of  American  Science,"  Proceedings 
Biological  Society,  Washington,  III,  1884-6,  and  IV,  1886-8. 

J.  P.  Campbell:  "Biological  Teaching  in  the  Colleges  of  the  United 
States,"  U.  S.  Bureau  of  Education,  Circular  of  Information,  No.  9» 
1891. 

The  letters  of  L.  Agassiz  ("L.  Agassiz,  his  life  and  correspondence,") 
edited  by  his  wife,  throw  interesting  light  on  zoology  in  America  at 
the  period  when  Agassiz  arrived  here  and  during  his  life  in  this  coun- 
try. 

25,   (p.  100).     JEFFRIES  WYMAN  AND  THE  HERSEY 
PROFESSORSHIP. 

In  1847  the  Hersey  professorship  of  anatomy  was  transferred  from, 
the  Harvard  Medical  School  in  Boston  to  the  newly  established  Law- 
rence Scientific  School  at  Cambridge.  O.  W.  Holmes  was  appointed  to 
the  newly  established  Parkman  professorship  of  anatomy  and  physi- 
ology in  the  Medical  School.  At  Cambridge  Wyman  had  small  classes 
in  comparative,  including  human  anatomy,  and  produced  much  scien- 
tific work  of  sterling  value.  Wyman  died  in  1874.  Asa  Gray  deliv- 
ered an  interesting  and  sympathetic  memorial  address  before  the  Bos- 
ton Society  of  Natural  History.  (Vide  Gray's  Collected  Works,  and 
the  Proceedings  of  the  Boston  Society  of  Natural  History,  Oct.  7, 
1874.) 

The  Hersey  professorship  of  anatomy  was  established  from  the  be- 
quest of  Ezskiel  Hersey  of  Hingham  who  died  in  1770  leaving  lOOO 
pounds  and  of  his  widow  who  left  a  like  sum  to  be  applied  to  the  sup- 
port of  a  professor  of  anatomy  and  surgery  at  Harvard.  (Thatcher, 
Medical  Biographies,  1828.)  Dr.  Abram  Henry  and  Dr.  John  Gum- 
ming also  each  gave  500  pounds  for  the  same  purpose.  This  was  the 
first  endowed  professorship  of  anatomy  in  America.  Seldom  has 
money  been  left  to  better  purpose.  John  Warren,  John  Collins  Warren, 
J.  Wyman  and  E.  L.  Mark,  who  have  successively  held  the  chair  have 
been  among  the  foremost  in  the  deveIopm;ent  of  the  anatomical  sci- 
ences in  America.  The  Parkman  professorship  of  Anatomy  was  estab- 
lished at  the  Harvard  Medical  School  in  1847  in  honor  of  George  Park- 
man  w^ho  gave  a  large  tract  of  land  to  the  school.  Recently  James 
Stillman  has  given  $100,000  for  the  establishment  of  a  professorship 
of  comparative  anatomy  at  the  Medical  School.  It  would  be  well  were 
similar  endowed  professorships  in  anatomy  established  in  connection 
with  other  universities. 
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26,    (p.   100).     AGASSIZ. 

The  brilliant  American  career  of  Agassiz,  who  became  professor  of 
zoology-  in  the  Lawrence  Scientific  School  at  its  establishment  in  1847, 
is  too  well  known  to  be  treated  here  at  length.  He  awakened  great 
popular  interest  in  biologj'  in  a  country  where  there  had  previously 
been  but  little  and  did  more  perhaps  than  any  other  one  individual  to 
sow  the  seeds  of  the  fruitful  zoology  which  has  grown  up  since  his 
death  in  1873.  He  introduced  the  study  of  comparative  embryology 
into  this  country  and  excited  fresh  interest  in  paleontology  and  the 
broader  relationship  existing  between  living  organisms.  Agassiz's  in- 
terest however,  was  rather  in  structure  as  a  basis  of  systematic  classi- 
fication than  in  the  intrinsic  structure  of  organisms  or  in  structure  in 
relation  to  function.  In  the  American  Naturalist  for  1898  may  be 
found  a  list  of  the  chief  pupils  of  Agassiz. 


27,  (p.  100).  CONTRIBUTIONS  FROM  THE  ZOOLOGICAL  LABORA- 
TORY OF  HARVARD  COLLEGE  UNDER  THE  CHARGE 
OF  E.  L.  :\IARK. 

Among  the  contributors  to  anatomy  may  be  mentioned: 
Howard  Ayres;  M.  A.  Bigelow.  adjunct  professor  of  biology.  Teachers 
College,  Columbia;  R.  P.  Bigelow.  instructor  in  biology,  Massachusetts 
Institute  of  Technoiogj-;  Mary  A.  Bowers,  instructor  in  zoology,  Welles- 
ley  College.  Wellesley.  Mass.:  W.  E.  Castle,  assistant  professor  of  zool- 
ogj'.  Harvard  University:  C.  B.  Davenport,  director  Carnegie  Laboratory, 
Cold  Spring  Harbor,  Long  Island,  N.  Y.:  Gertrude  C.  Davenport;  C.  R. 
Eastman,  assistant  in  vertebrate  paleontology.  Museum  of  Compara- 
tive Zoology,  Harvard  University;  C.  H.  Eigenmann,  professor  of  zool- 
ogj-.  University  of  Indiana;  H.  H.  Field,  director  of  concilium 
bibliographicum,  Zurick.  Switzerland;  R.  W.  Hall,  instructor  in  zool- 
ogy- and  biology.  Lehigh  University,  South  Bethlehem,  Pa.;  J.  I. 
Hamaker,  professor  of  geologj'  and  biologj-.  Trinity  College,  Durham, 
N.  C. :  Ida  H.  Hyde,  associate  professor  of  physiology,  University  of 
Kansas,  Lawrence,  Kas.;  H.  S.Jennings,  associate  professor  of  zoology, 
University  of  Pennsylvania;  C.  A.  Kofoid,  associate  professor  of  his- 
tologj-  and  embryology.  University  of  California:  T.  G.  Lee,  professor 
fessor  of  histology  and  embryolog5^  University  of  Minnesota;  F.  T. 
Lewis,  instructor  in  embryology  and  histology.  Harvard  Medical 
School;  W.  A.  Locy,  professor  of  zoology-.  Northwestern  University; 
W.  J.  Moenkhaus.  assistant  professor  of  physiology,   Indiana  Univer- 
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sity;  H.  V.  Xeal,  professor  of  biology,  Knox  College,  Galesburg,  111.; 
Margaret  L.  Nickerson,  instructor  in  histology  and  embryology,  Uni- 
versity of  Minnesota;  W.  S.  Nickerson,  associate  professor  of  histology 
and  embryologj-,  University  of  Minnesota;  Herbert  Osborn,  professor 
of  zoology  and  entomologj',  Ohio  State  University;  G.  H.  Parker,  asso- 
ciate professor  of  zoolgy.  Harvard  University;  W.  Patten,  professor  of 
zoology,  Dartmouth  College;  Julia  B.  Piatt;  C.  W.  Prentiss,  instructor 
in  biologj',  Western  Reserve  University;  H.  W.  Rand,  instructor  in  zool- 
ogy. Harvard  University;  J.  E.  Reighard,  professor  of  zoology,  Univer- 
sity of  Michigan;  W.  E.  Ritter,  professor  of  zoology.  University  of  Cali- 
fornia; Porter  E.  Sargent.  Cambridge,  Mass.;  F.  Smith,  University  of 
Illinois;  R.  M.  Strong,  instructor  in  zoology.  University  of  Chicago; 
W.  L.  Tower,  associate  in  embryology.  University  of  Chicago;  F.  C. 
Waite,  assistant  professor  of  histology  and  embryologj^  Western  Re- 
serve University;  H.  B.  Ward,  professor  of  zoologj',  University  of  Ne- 
braska; A.  W.  Weyse,  instructor  in  zoology,  Massachusetts  Institute  of 
Technology-;  C.  O.  Whitman,  professor  of  zoology,  University  of  Chi- 
cago; W.  A.  Willard,  adjunct  professor  of  zoology.  University  of  Ne- 
braska: S.  R.  Williams,  professor  of  biology.  Miami  University,  Ox- 
ford. Ohio;  W.  M.  Woodward,  keeper  of  the  Museum  of  Comparative 
Zoology.  Cambridge,  Mass. 


28,    (p.  100).     SCHOOLS  OF  ANATOMY  AT  BROWN  AND  CORNELL. 

Under  the  stimulus  of  Professor  Packard,  Brown  built  up  a  strong 
productive  department  of  zooldgy  and  anatomy.  In  1890  H.  C.  Bum- 
pus  was  added  to  the  staff  and  from  1891-1902  was  professor  of  com- 
parative anatomy.  In  1902  Professor  Bumpus  became  director  of  the 
American  Museum  of  natural  history.  New  York.  At  present  A.  D. 
Mead  is  professor  of  comparative  anatomy,  F.  P.  Gorham  is  associate 
professor  of  biology,  and  F.  T.  Fulton  instructor  in  pathology  and 
histology.     Human  anatomy  has  been  taught  there  since  1902. 

An  appreciative  account  of  Professor  Packard's  life  work  may  be 
found  in  Science.  March  17,  1905. 

The  development  of  anatomy  at  Cornell  under  Professor  Wilder  has 
been  treated  of  in  note  22. 


29,   (p.  100).     YALE. 

At  Yale,  B.  Silliman,  professor  of  chemistry,  mineralogy  and  geol- 
ogy, from  1802  to  1864,  though  no  anatomist,  did  much  to  arouse  in- 
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terest  in  natural  science.  J.  D.  Dana,  professor  of  geology  and  min- 
eralogy' from  1850  to  1895,  was  a  good  zoologist,  as  well  as  a  great 
geologist.  A.  E.  Verrlll  has  been  professor  of  zoology  since  1864,  and 
S.  I.  Smith  professor  of  comparative  anatomy  since  1875.  O.  C. 
Marsh,  who  was  appointed  professor  of  paleontology  in  1866,  made 
many  contributions  to  this  subject. 

30,    (p.   100).     PRINCETON. 

At  Princeton  an  active  scientific  atmosphere  was  introduced  by  Ar- 
nold Guyot,  Agassiz's  friend,  professor  of  geologj-  from  1854  to  1884. 
This  was  furthered  by  the  establishment  of  the  John  C.  Green  School 
of  Science  in  1873.  Professors  Scott,  Osborn  and  McClure  have  done 
much  there  to  develop  comparative  anatomy. 

Among  those  who  have  contributed  to  anatomy  at  Princeton  may  be 
mentioned  G.  Macloskie,  professor  of  biology  since  1882:  W.  B.  Scott, 
professor  of  geolog>'  since  1882;  H.  F.  Osborn,  professor  of  comparative 
anatomy  from  1882  to  1892:  C.  T.  W.  McClure.  instructor  and  professor 
of  comparative  anatomy  since  1893;  W.  M.  Rankin,  instructor  and  pro- 
fessor of  invertebrate  zoology  since  1892:  and  U.  Dahlgren.  instructor 
in  histologj'  since  1896.  Professor  Scott  has  established  an  unusually 
good  paleontological  museum,  and  Professor  McClure  one  of  the  best 
museums  of  comparative  anatomy  in  the  country. 

31,    (p.   100).     PENNSYLVANIA. 

Philadelphia  since  the  time  of  Franklin  has  been  an  active  center  for 
research.  The  University,  however,  did  little  for  scientific  anatomy,  in 
spite  of  the  activities  of  men  like  Horner,  I>eidy  and  Harrison  Allen, 
until  1873,  when  a  laboratory  for  comparative  anatomy  was  established. 
(See  "Benj.  Franklin  and  the  Univ.  of  Penn.,"  F.  N.  Thorpe,  U.  S. 
Bureau  of  Ed.,  Circ.  of  Inf.,  1892,  No.  2.)  In  1884.  owing  to  the  gener- 
osity of  H.  Jayne  and  the  support  of  the  provost,  W.  Pepper,  the  School 
of  Biologj'  was  established.  In  1889  this  became  the  department  of 
Biology.  Under  the  leadership  of  such  men  as  Leidy,  Cope,  Ryder, 
and  Conklin,  the  work  done  here  has  gone  far  to  further  the  advance 
of  anatomy,  as  well  as  other  aspects  of  biology  in  this  country. 

The  professors  in  the  biological  department  at  Pennsylvania  have 
been,  in  comparative  anatomy.  A.  J.  Parker,  from  1880  to  1890,  H. 
Allen,  from  1891  to  1895.  E.  D.  Cope.  1886-1897;  in  invertebrate  mor- 
phology, B.  Sharp,  from  1884  to  1886;  in  physiology,  N.  G.  Randolph, 
from  1883  to  1886,  H.  A.  Hare,  from  1887  to  1890.  E.  Reichert,  since 

0:i 


.I'J'S  BrLLETIX   OF   THE    UXIVERSITY   OF    WISCOXSIX. 

.1890;  in  biology.  H.  Jayne,  from  1883  to  1884,  C.  S.  Dolle,  from  1885 
to  1888,  M.  J.  Greenman,  1887;  mammalian  anatomy,  C.  M.  Burk,  1887- 
1897,  E.  A.  Kelly,  from  1887  to  1889;  zoology.  E.  G.  Conklin,  since 
1899;  comparative  embryology,  J.  A.  Ryder,  from  1886  to  1895,  E.  G. 
Conklin.  from  1895  to  1899.  H.  S.  Jennings  is  assistant  professor  of 
zoology  and  J.  P.  Moore  and  P.  P.  Calvert  are  instructors  in  zoology. 
T.  H.  Montgomery,  now  professor  of  zoologj-  at  the  University  of  Texas, 
was  assistant  professor  of  zoologj-,  from  1900  to  1903.  Among  others 
who  have  made  contributions  from  the  laboratory  may  be  mentioned: 
H.  Heath.  H.  Crawley,  J.  R.  Murlin,  D.  B.  Casteel.  E.  F.  Phillips,  J.  L. 
McClendon,  Louise  Nichols.  Caroline  Thompson,  Louise  B.  Wallace. 
J.  A.  Nelson.  R.  C.  Schmidt  and  H.  Fox. 


32.   (p.  100).     THE  JOHNS  HOPKINS. 

In  187G  the  Johns  Hopkins  University  v.as  opened  with  H.  Newell 
Martin  as  professor  of  biology  and  W.  K.  Brooks  as  fellov.-.  While 
Martin  developed  an  active  graduate  school  for  the  training  of  verte- 
brate physiologists.  Brooks  paid  particular  attention  to  the  biology  of 
invertebrates.  He  organized  the  Chesapeake  Zoological  Laboratory, 
which  was  established  for  several  successive  summers  at  different 
places  along  the  Atlantic  coast  and  did  much  to  further  the  study  of 
the  anatomy  and  development  of  the  marine  fauna  of  the  region. 

Among  the  biologists  who  studied  at  the  Johns  Hopkins  University 
may  be  mentioned  J.  P.  MacMurrich,  professor  of  zoology,  Haverford, 
from  1886  to  1889,  professor  of  anatomy  at  Michigan  since  1893;  S.  F. 
Clarke,  professor  of  zoology  at  Williams  since  1881;  W.  T.  Sedgwich, 
professor  of  biology  at  the  Massachusetts  Institute  of  Technologj-  since 
1884;  E.  B.  Wilson,  professor  of  zoology  at  Bryn  Mawr  from  1885  to 
1S91.  and  at  Columbia  since  1891:  C.  O.  Whitman,  director  Allis  Lake 
Laboratory,  from  1886  to  1889,  and  professor  at  Chicago  since  1892; 
H.  H.  Donaldson,  professor  of  neurologj-  at  Chicago  since  1892;  H.  F. 
.  Nachtrieb,  professor  of  zoology  at  Minnesota  since  1885;  H.  L.  Osborn, 
professor  at  Purdue  from  1884  to  1887,  professor  of  biology  and  geology 
at  Hamlin  University.  St.  Paul;  F.  H.  Herrich,  professor  of  biology  at 
Western  Reserve  University  since  1881;  A.  B.  Macallum,  professor  of 
physiology  at  Toronto  since  1886:  .H.  V.  Wilson,  professor  of  biology 
at  the  University  of  North  Carolina  since  1888:  T.  H.  Morgan,  professor 
of  biologj-.  Bryn  Mawr  from  1891  to  1904.  professor  at  Columbia.  1904; 
E.  G.  Conklin,  professor  of  zoology,  Northwestern  University  from 
1891  to  1S95,  professor  of  zoology.   University  of  Pennsylvania  sinca 
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1893;  R.  G.  Harrison,  associate  professor  of  anatomy,  Johns  Hopkins 
University  since  1895;  G.  Lefevre,  professor  of  zoologj-.  University  of 
Missouri  since  1898;  C.  P.  Sigerfoos,  assistant  professor  of  zoology, 
University  of  Minnesota  since  1897;  G.  A.  Drew,  professor  of  biology. 
University  of  Maine  since  1900;  C.  W.  Greene,  professor  of  physiology. 
University  of  Missouri  since  1900;  C.  Grave,  associate  in  zoology,  Johns 
Hopkins  University;  J.  E.  Duerden;  A.  M.  Reese,  associate  professor 
of  histology,  Syracuse  University;  W.  C.  Curtis,  assistant  professor  of 
zoology,  University  of  Missouri  and  G.  L.  Houser,  professor  of  animal 
morphologj',  Iowa  University. 


33,   (p.  100).     RECENT  DEVELOPMENT  OF  BIOLOGY. 

"In  all  of  the  400  colleges  and  universities,  with  a  dozen  conspicu- 
ous exceptions,  the  instruction  in  the  biological  sciences  is  little  more 
than  a  farce.  The  teachers  of  biology  are  mostly  men  without  biolog- 
ical training,  men  v.'hose  ideas  and  methods  are  those  of  a  generation 
ago.  and  who  have  no  more  idea  of  modern  science  and  scientific 
thought  than  have  the  poorest  pupils  who  are  tinfortunate  enough  to 
come  under  them";  wrote  the  editor  of  the  American  Naturalist  in 
1887. 

In  1891  out  of  the  111  colleges  and  universities  in  but  41  were  the 
biological  departments  in  the  hands  of  men  devoted  to  teaching  that 
subject  only;  there  were  but  five  laboratories  built  especially  for  biol- 
ogy, only  five  or  six  institutions  where  advanced  experimental  work 
could  be  performed  and  only  three  or  four  in  which  provision  was 
made  for  the  study  of  vegetable  physiologj-.  (See  J.  B.  Campbell,  L'.  S. 
Bureau  of  Education,  Circular  of  Information,  1891.) 

Early  in  the  nineties  a  notable  impetus  to  the  advance  of  biology 
was  given  by  the  establishment  of  several  liberally  endowed  universi- 
ties the  direction  of  which  fell  into  the  hands  of  men  in  sympathy 
with  scientific  research. 

At  Cohimbia  in  1890  N.  L.  Britton  was  appointed  professor  of  bot- 
any, and  in  1896,  L.  M.  Underwood.  In  1891  H.  F.  Osbom  and  E.  B. 
Wilson  were  appointed  professors  of  zoology.  From  1811  until  1890 
Columbia  had  no  professor  of  natural  history,  botany  or  zoology.  Len- 
der the  leadership  of  Professors  Wilson  and  Osbom,  Britton  and  L'n- 
derwood,  Columbia  has  developed  into  one  of  the  strongest  depart- 
ments of  biology  in  the  world,  and  from  there  many  important 
contributions  to  anatomy  have  been  made.  Bashford  Dean  was  made 
adjunct  professor  of  zoologj-  in  1896,  H.  E.  Crampton.  G.  N.  Calkins, 
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M.  A.  Bigelow  in  1903.  In  1904  T.  H.  Morgan  was  made  professor  of 
experimental  zoology.  Among  others  in  the  collegiate  department  who 
have  contributed  more  especially  to  anatomy  may  be  mentioned  J.  H. 
McGregor,  instructor  in  zoology,  and  O.  S.  Strong,  tutor  in  compara- 
tive neurology.  In  addition  to  the  work  of  these  man  important  con- 
tributions have  been  made  by  B.  A.  Bensley,  L.  I.  Dublin,  B.  B.  Griffin, 
N.  R.  Harrington,  C.  J.  Herrick,  professor  of  biology,  Denison  Univer- 
sity, Granville,  Ohio,  W.  E.  Kellicott,  R.  S.  Lull,  A.  P.  Mathews,  assist- 
ant professor  of  physiological  chemistry.  University  of  Chicago,  F.  B. 
Summer,  instructor  in  natural  history.  College  of  the  City  of  New 
York,  W.  S.  Sutton,  J.  C.  Toner,  N.  Yatsu,  and  Charlss  Zeleny,  instruc- 
tor in  zoology,  the  University  of  Indiana. 

At  Clark  University,  organized  at  Worcester  in  1S89,  the  President, 
G.  Stanley  Hall,  got  together  a  remarkable  number  of  productive  biol- 
ogists, among  whom  may  be  mentioned  G.  Baur,  F.  Boas,  H.  C. 
Bumpus,  H.  H.  Donaldson,  C.  L.  Edv.ards,  A.  C.  Eysleshymer,  C.  F. 
Hodge,  E.  O.  Jordan,  F.  R.  Lillie,  W.  P.  Lombard,  F.  P.  Mall,  W.  S. 
Miller  and  W.  M.  Wheeler.  After  three  years  of  scientific  activity  the 
laboratory  was  disorganized  by  the  departure  of  the  greater  part  of 
the  men  mentioned  to  the  university  newly  organized  at  Chicago. 
Since  1892  Chicago  has  had  one  of  the  most  productive  biological  de- 
partments in  the  country. 

The  original  staff  at  the  University  of  Chicago  consisted  of  C.  O. 
Whitman,  professor  of  biology  and  animal  morphology;  F.  P.  Mall, 
professor  of  anatomy;  H.  H.  Donaldson,  professor  of  neurology;  J. 
Loeb.  assistant  professor  of  physiolgj';  G.  Baur,  assistant  professor  of 
paleontology;  W.  M.  Wheeler,  instructor  in  biologj^;  A.  D.  Mead,  fellow 
in  biology;  A.  C.  Eycleshymer,  assistant  in  animal  morphology;  and 
F.  R.  Lillie.  fellow  in  morphologj'.  Mall  became  professor  of  anatomy 
at  the  Johns  Hopkins  University;  Wheeler,  professor  of  zoology  at  the 
University  of  Texas  and  later  curator  of  invertebrate  zoology  at  the 
American  Museum,  New  York;  A.  D.  Mead,  associate  professor  of  em- 
bryology and  netirology.  then  professor  of  comparative  anatomy  at 
Brown;  A.  C.  Eycleshymer,  professor  of  anatomy  at  the  University  of 
St.  Louis.  C.  B.  Davenport  became  assistant  professor  of  zoology  at 
Chicago  in  1899.  In  1904  he  assumed  charge  of  the  Carnegie  labora- 
tory at  Cold  Spring  Harbor.  At  present  the  work  in  anatomy  in  the 
laboratory  is  done  under  the  direction  of  Professor  Whitman  and  of 
F.  R.  Lillie,  associate  professor  •  of  embryology.  Among  those  who 
have  v.orked  on  anatomical  problems  in  the  zoological  department  at 
Chicago  in  addition  to  those  named  above  may  be  mentioned  B.  M. 
Allen,  instrtictor  in  anatomy,  the  University  of  Wisconsin;  W.  J.  Baum- 
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garten,  instructor  in  zoologj',  the  University  of  Kansas;  C.  M.  Child, 
instructor  in  zoology-,  the  University  of  Chicago;  C.  M.  Clapp,  professor 
of  zoology,  Mt.  Holyoke  College,  S.  Hadley,  Mass;  Agnes  M.  Claypole; 
E.  R.  Downing,  professor  of  biology-,  Michigan  Northern  State  Norma) 
School;  M.  F.  Guyer,  professor  of  zoology,  University  of  Cincinnati; 
E.  H.  Harper,  instructor  in  zoology,  Northwestern  University,  Evans- 
ton;  O.  P.  Hay,  curator,  American  Museum  of  Natural  History;  S.  J. 
Holmes,  instructor  in  zoologj-.  University  of  Michigan;  G.  W.  Hunter, 
Jr.;  E.  Kirk,  assistant  in  anatomy,  Chicago;  Henry  Lane;  R.  S.  Lillie, 
instructor  in  physiologj-.  University  of  Nebraska;  W.  A.  Locy,  professor 
of  zoologj-.  Northwestern  University;  W.  J.  Moenkhaus,  assistant  pro- 
fessor of  physiology,  the  University  of  Indiana:  J.  Scott  and  R.  M. 
Strong,  instructors  in  zoology,  and  L.  T.  Tower,  instructor  in  em- 
bryology, the  University  of  Chicago;  A.  L.  Treadwell,  professor  of  biol- 
ogy, Vassar  College,  Poughkeepsie,  N.  Y. ;  S.  Watase,  professor  of 
cellular  biolog>-,  the  University  of  Tokio:  W.  ZcUeny,  instructor  in 
zoology,  the  University  of  Indiana.  (See  University  of  Chicago  Decen- 
nial Publications,  First  Series,  Vol.  I,  President's  Report.) 

Although  the  establishment  of  active,  scientifically  productive  biolog- 
ical departments  at  Columbia  and  the  University  of  Chicago  mark  the 
chief  recent  events  in  the  progress  of  anatomical  res;arch,  from  the 
biological  standpoint,  there  has  been  an  impulse  in  the  same  direc- 
tion in  many  other  colleges  and  universities.  In  addition  to  the  zoolog- 
ical departments  of  these  two  institutions  and  the  leading  departments 
in  the  older  institutions  such  as  those  of  Harvard,  the  Johns  Hopkins, 
Pennsylvania,  Princeton,  Cornell  and  Brown,  there  may  be  mentioned 
the  departments  at  Alma  College,  Michigan,  under  B.  N.  Harper; 
Bryn  Mawr,  successively  under  E.  B.  Wilson,  and  T.  H.  Morgan;  Cali- 
fornia under  W.  E.  Ritter:  Dartmouth  under  W.  Patten:  Cincinnati 
under  M.  F.  Guyer:  Denison  University,  Granville,  Ohio,  under  C.  H. 
and  C.  J.  Herrick:  the  University  of  Indiana  under  C.  H.  Eigenmann 
and  W.  J.  Moenkhaus;  the  University  of  Iowa  under  G.  L.  Houser;  the 
University  of  Kansas  under  S.  W.  Williston,  Ida  H.  Hyde  and  C  E. 
McClung;  Knox  College,  Galesburg,  111.,  under  H.  V.  Neal:  Leland 
Stanford,  Jr..  University,  under  0.  P.  Jenkins  and  F.  M.  McFarland; 
the  University  of  Maine.  Orono.  under  G.  Drew;  the  University  of 
Michigan  under  J.  E.  Reighart  and  H.  O.  Jennings;  the  University  ol 
Minnesota  under  H.  F.  Nachtrieb  and  G.  E.  Sigerfoos;  the  University 
of  ;Missouri  under  G.  Lefevre  and  W.  C.  Curtis;  Mt.  Holyoke  under 
C.  M.  Clapp:  Nebraska  successively  under  J.  S.  Kingslej-  and  H.  B 
Ward:  the  University  of  North  Carolina  under  H.  V.  Wilson;  North- 
western University  under  W.  A.  Locy;  Ohio  Wesleyan,  Delaware,  Ohio, 
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under  E.  L.  Rice;  Smith  College,  Northampton,  under  H.  H.  Wilder; 
Syracuse  University  under  C.  W.  Hargitt;  Texas  successively  under 
W.  M.  Wheeler  and  T.  H.  Montgomery;  Trinity  College,  Hartford,  un- 
der C.  L.  Edwards;  Tufts  College,  under  J.  S.  Kingsley;  Vassar  College, 
Poughkeepsie,  under  A.  L.  Treadwell;  the  University  of  West  Virginia, 
under  J.  B.  Johnston;  Western  Reserve  University,  Cleveland,  Ohio, 
under  F.  H.  Herrick:  Williams  College  under  S.  F.  Clarke,  J.  J.  Peck 
and  J.  L.  Kellogg:  the  University  of  Wisconsin  under  E.  A.  Birge, 
W.  S.  Marshall  and  W.  S.  Miller;  and  the  Woman's  College,  Baltimore, 
under  M.  M.  Metcalf  and  F.  Peebles.  In  a  number  of  other  institutions 
there  has  been  considerable  activitj-  in  lines  of  research  other  than 
the  morphological.  In  perhaps  20  per  cent  of  the  colleges  and  univer- 
sities of  the  country  some  scientific  investigation  in  biologj-  is 
carried  on. 

In  almost  all  of  these  institutions,  however,  there  is  still  far  too 
much  routine  teaching  done  by  the  members  of  the  staff.  Agassiz 
prided  himself  on  teaching  men  to  observe.  His  educational  children 
and  grandchildren  spend  too  much  time  in  telling  pupils  what  to 
know.  Research  is  carried  on  chiefly  during  vacations  and  too  often 
without  intelligent  support  from  those  in  whose  hands  the  direction 
of  the  institution  lies.  Little  training  in  investigation  can  under  these 
circumstances  be  given  to  others,  and  what  scientific  work  is  done  is 
mainly  by  instructors  who  have  elsewhere  received  their  training. 
There  are  some  exceptions.  Among  these  are  Bryn  Mawr  College, 
where,  under  E.  B.  Wilson  and  then  under  T.  H.  Morgan,  there  was 
developed  a  laboratorj-  wonderfully  productive  in  the  field  of  experi- 
mental morphology,  the  state  universities  of  Michigan,  Nebraska,  In- 
diana and  Wisconsin,  and  Denison  University,  Granville,  Ohio. 

The  study  of  vegetable  anatomy  was  taken  up  in  a  scientific  spirit 
later  than  animal  morphologj'  and  has  received  less  extensive  study. 
Among  universities  in  the  biological  departments  of  which  it  has  re- 
ceived special  attention  may  be  mentioned  Harvard,  under  the  direC' 
tion  of  W.  G.  Farlow,  and  R.  Thaxter,  Columbia  under  L.  M. 
Underwood.  Nebraska  under  C.  E.  Bessey,  Leland  Stanford  under  D.  H. 
Campbell,  the  University  of  California  under  W.  A.  Setchell,  the  Johns 
Hopkins  under  D.  S.  Johnson,  the  University  of  Indiana  under  S.  M. 
Mottier.  and  the  University  of  Wisconsin  under  R.  A.  Harper. 

Biological  laboratories  well  adapted  for  work,  though  often  over- 
crowded, may  be  found  at  the  following,  among  other  institutions: 
Bryn  Mawr,  Brown,  Cornell.  Harvard,  the  Johns  Hopkins  University, 
Leland  Stanford,  ;Michigan,  Minnesota,  Pennsylvania,  Princeton,  Trin- 
ity College.  Hartford.  Vassar  College,  Western  Reserve  University,  and 
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Williams.     In  most  institutions  the  biological  laboratories  still  occupy 
ill  adapted  quarters  in  some  building  devoted  to  many  otber  purposes. 


34,   (p.  100).     RELATIONS  OF  UNIVERSITY  BIOLOGICAL  DEPART- 
MENTS TO  MEDICAL  SCHOOLS. 

At  the  time  of  the  establishment  of  a  graded  curriculum  in  the  med- 
ical schools  the  better  colleges  offered  good  practical  laboratory  courses 
in  general  biology  (see  Note  18).  Students  who  had  taken  the  work 
were  found  often  to  succeed  better  in  medicine  than  those  who  had 
not.  In  manj'  medical  schools  they  were  given  advanced  standing. 
"With  the  increase  of  standards  of  admission  to  the  better  schools  a 
certain  amount  of  preliminary  training  in  biology  was  required.  In 
addition  to  this  required  amount  of  work  many  universities,  like  Wis- 
consin, offered  in  their  biological  departments  opportunity  for  some  of 
the  work  covered  by  the  first  two  years  of  the  medical  curriculum.  At 
Harvard  in  the  fifties,  at  Cornell  in  the  seventies,  some  opportunity 
for  the  dissection  of  human  bodies  was  offered.  In  1890  the  University 
of  North  Carolina  offered  the  first  year  of  the  medical  curriculum  in  its 
collegiate  department  and  a  few  years  later  the  first  two  years  of  a 
four  years  course,  the  last  tvro  years  being  given  at  Raleigh.  The  Uni- 
versity of  Kansas  offered  in  1894-5  a  course  covering  the  first  years 
work  of  the  medical  curriculum  of  a  good  medical  school  and  in  1898-99 
the  work  of  the  first  two  years  was  offered.  In  1898  Cornell  offered 
at  Ithaca,  N.  Y.,  the  full  first  two  years  of  a  medical  curriculum.  In 
its  medical  department  at  New  York  a  complete  four  year  course  is 
offered.  In  1900  the  University  of  Chicago  entered  into  an  agreement 
with  the  Rush  Medical  College  whereby  the  courses  in  biological  sci- 
ences, in  chemistry  and  in  physics,  requisite  for  a  medical  training, 
were  to  be  given  at  the  University,  while  the  clinical  branches  were  to 
be  taught  as  heretofore  at  the  Medical  College.  In  1902  the  University 
of  Nebraska  adopted  a  policy  similar  to  that  of  Cornell,  mentioned 
above.  In  1902  the  University  of  West  Virginia,  and  in  1903  the  Uni- 
versities of  Indiana  and  Mississippi  offered  work  covering  the  first 
tv.-o  years  of  a  medical  curriculum.  Brown  University,  Providence, 
Rhode  Island,  likewise  offers  much  of  the  work  commonly  covered  in 
this  curriculum,  although  no  attempt  is  there  made  to  forestall  the 
work  of  the  medical  school. 
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35,   (p.  101).     SEA  SIDE  AND  LAKE  LABORATORIES. 

The  establishment  of  laboratories  at  the  sea  side  and  lake  shore  for 
the  purpose  of  furnishing  facilities  for  biological  study  and  investiga- 
tion, either  during  the  summer  or  throughout  the  year,  began  when 
John  Anderson  presented  Agassiz  with  Penikese  Island  and  $50,000 
as  an  endowment  for  a  laboratory.  At  Agassiz's  death  in  1873  this 
laboratory  was  discontinued.  Alexander  Agassiz  established  a  private 
laboratory  at  Newport.  R.  I.,  soon  afterwards,  and  has  extended  its 
facilities  to  a  number  of  workers.  In  1881  the  Boston  Society  of 
Natural  History  had  a  laboratory  at  Annisquam,  Mass.  From  1878  to 
1891  the  Chesapeake  Zoological  Laboratory  of  the  Johns  Hopkins  Uni- 
versity was  established  each  summ?r  at  various  places  along  the  At- 
lantic coast  under  the  direction  of  Professor  Brooks.  From  1886  to 
1889  E.  P.  Allis  supported  a  private  Lake  Laboratory  at  Milwaukee 
under  the  direction  of  Professor  C.  O.  Whitman,  and  later  under  How- 
ard Ayres. 

In  1888  the  Marine  Biological  Laboratory  was  established  at  Woods 
Hole,  Mass.,  and  C.  O.  Whitman  was  made  director.  About  thirty  col- 
leges, universities  and  medical  schools,  several  academies  and  societies, 
and  the  Carnegie  Institution  have  contributed  to  the  support  of  the 
laboratory  by  maintaining  there  "tables"  for  scientific  workers.  The 
members  of  the  corporation  are  elected  chiefly  from  those  who  make  or 
have  made  use  of  the  facilities  of  the  laboratory  for  scientific  study. 
They  in  turn  elect  a  board  of  trustees,  of  whom  there  are  at  present 
twenty-six.  Of  these,  sixteen  are  professors  in  the  biological  sciences 
in  various  colleges  and  universities,  four  are  biologists  not  connected 
with  educational  institutions,  and  six  are  business  men  interested  in 
the  success  of  the  laboratorj-.  In  addition  there  are  three  ex-officio 
members.  C.  O.  Whitman,  director  of  the  laboratory.  F.  R.  Lillie.  as- 
sistant director  of  the  laboratory,  and  A.  W.  Wilcox,  clerk  of  the  cor- 
poration. 

Instruction  and  investigation  are  carried  on  at  the  laboratory,  dur- 
ing the  summer  months,  in  zoologj-,  embryology,  physiology  and  botany. 
No  factor  has  been  more  potent  in  arousing  interest  in  biological  in- 
Testigation  in  this  country.  To  name  those  who  have  worked  at  this 
laboratory-  for  greater  or  less  periods  of  time  and  have  made  important 
contributions  in  the  field  of  anatomy,  as  well  as  in  other  fields  of  bio- 
logical study,  would  be  to  name  the  great  majority  of  the  leading 
biologists  of  the  country.  In  publications  of  the  laboratory  lists  of  the 
investigators  and  their  contributions  may  be  fotind. 
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In  1889  a  biological  laboratory  was  established  at  Cold  Spring  Har- 
bor by  the  Brooklyn  Institute  of  Arts  and  Sciences.  This  laboratory 
has  been  in  charge  successively  of  B.  Dean,  H.  W.  Conn,  and  C.  B. 
Davenport.  In  1891  the  University  of  Pennsylvania  maintained  a  lab- 
oratory at  Sea  Isle  City.  More  recently  J.  S.  Kingsley  has  established 
a  summer  laboratory  near  Portland,  Maine,  and  the  Univirsity  of  Min- 
nesota, the  University  of  California  and  Leland  Stanford  have  estab- 
lished marine  laboratories  on  the  Pacific  coast.  The  University  of 
Njbraska.  since  1899,  has  maintained  a  lake  laboratory  during  the 
summer,  and  other  institutions  have  similar  laboratories. 

Harvard  University,  New  York  University  and  the  Bermuda  Natural 
History  Society  for  several  seasons  have  offered  American  biologists 
laboratory  facilities  at  the  Island  of  Bermuda. 

The  United  States  Fish  Commission  under  S.  Baird  offered  in  the 
seventies  opportunity  for  scientific  investigation  at  the  Fish  Commis- 
sion Station  at  Woods  Hole.  It  now  maintains  laboratories  open  to 
scientific  workers  at  Woods  Hole,  Mass.,  Beaufort,  North  Carolina,  and 
at  Put-in-Bay.  Ohio,  on  Lake  Erie.  Lately  the  Carnegie  Institu- 
tion has  established  an  institution  for  biological  research  at  Cold 
Spring  Harbor.     C.  B.  Davenport  has  been  made  director. 

In  many  respects  these  various  laboratories  constitute  our  truest 
university  biological  departments.  There  is  such  a  tendency  to  force 
a  man  to  consume  all  of  his  time  in  teaching  and  routine  administra- 
tion in  the  majority  of  American  colleges  and  universities  that  the 
chief  part  of  the  biological  research  done  in  this  country  is  done  in 
the  summer  and  a  large  part  at  the  leading  marine  and  lake  labora- 
tories. The  leading  men  who  go  serve  to  furnish  ideas  to  others  who 
want  to  work.  The  tables  maintained  by  the  Smithsonian  and  other 
institutions  at  the  biological  station  at  Naples,  in  Italy,  have  likewise 
proved  a  great  aid  to  American  biologists.  All  who  have  had  the  privi- 
lege of  being  there  feel  the  deepest  gratitude  to  Professor  Dohrn  and 
the  members  of  his  staff  for  their  many  courtesies  and  kindnesses. 

36.   (p.   101).     MUSEUMS. 

The  American  :Museum  of  Natural  History  at  New  York  under 
the  charge  of  Professor  Bumpus,  the  Field  Columbian  Museum  at 
Chicago,  the  National  Museum  at  Washington,  the  Boston  Society 
of  Natural  History,  the  Academy  of  Science,  the  Wistar  Institute  of 
Anatomy  at  Philadelphia,  the  Agassiz  Museum  at  Cambridge,  and  the 
Army  Medical  Museum  at  Washington  should  here  more  especially  be 
mentioned. 
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Under  the  active  leadership  of  Dr.  2>1.  J.  Greenman,  recently  ap- 
pointed director  of  the  Wistar  Institute,  and  with  the  hearty  co-opera- 
tion of  General  Wistar,  its  founder,  and  of  the  board  of  managers  steps 
have  been  taken  greatly  to  enlarge  its  scope. 

"Ten  of  the  leading  American  anatomists  were  invited  to  take  part 
in  a  conference  held  at  the  institute  on  Tuesday  and  Wednesday,  April 
11  and  12,  to  consider  with  the  management  of  the  Wistar  Institute 
the  question  of  increasing  the  tisefulness  of  the  W^istar  Institute  to 
American  anatomists  by  establishing  relationship  with  the  individual 
anatomists  of  the  country,  with  the  Associaton  of  American  Anatom- 
ists, with  the  American  Journal  of  Anatomy  and  with  similar  insti- 
tutes abroad;  and  also  by  establishing  an  advisory  board  of  anatom- 
ists of  the  Wistar  Institute,  with  ten  or  more  members,  selected  from 
the  leading  anatomists  of  the  country. 

The  following  anatomists  were  present  at  the  conference: 

Dr.  Lewellys  F.  Barker,  professor  of  anatomy.  University  of  Chicago, 
Chicago,  Ills. 

Dr.  Edwin  G.  Conklin,  professor  of  zoology-,  University  of  Pennsyl- 
vania, Philadelphia,  Pa. 

Dr.  Henry  H.  Donaldson,  professor  of  neurology.  University  of  Chi- 
cago, Chicago,  Ills. 

Mr.  Simon  H.  Gage,  professor  of  embryology-,  Cornell  University, 
Ithaca,  X.  Y. 

Dr.  G.  Carl  Huber.  professor  of  embryologj'  and  histology.  University 
of  Michigan,  Ann  Arbor,  Mich. 

Dr.  George  S.  Huntington,  professor  of  anatomy,  Columbia  Univer- 
sity, New  York  City. 

Dr.  Franklin  P.  Mall,  professor  of  anatomy,  Johns  Hopkins  Univer- 
sity, Baltimore,  Md. 

Dr.  J.  Playfair  McMurrich,  professor  of  anatomy.  University  of  Mich- 
igan. Ann  Arbor.  Mich. 

Dr.  Charles  S.  Minot,  professor  of  embryology-.  Harvard  Medical 
School,  Boston,  Mass. 

Dr.  George  S.  Piersol,  professor  of  anatomy.  University  of  Pennsyl- 
vania, Philadelphia,  Pa." 

At  this  meeting  the  following  recommendations  were  adopted: 

"•(1)  The  principal  object  of  the  institute  to  be  research  and  under 
these  headings:  (a)  a  chief  of  investigation,  (b)  research  assistants 
or  assistantships  and  men  who  shall  divide  their  services  between  the 
museum  proper  and  research,  (c)  technical  assistants.  (2)  Research 
and  materials:  (o)  research  shall  be  in  the  field  of  neurology,  (6) 
comparative  anatomy  and  embryology.     (3)  Relations:      (o)  committee 
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recommends  that  the  subvention  of  the  Journal  of  Anatomy  be  granted, 
(6)  committee  be  appointed  to  consider  relations  of  the  Wistar  Insti- 
tute to  American  anatomists,  (c)  the  Wistar  Instittite  to  apply  to  the 
Association  of  American  Anatomists  for  cooperation.  (4)  That  an  ad- 
visory board  of  ten  be  appointed  for  general  purposes:  (a)  to  form  a 
sub-committee  on  neurology  as  well  as  other  sub-committees  that  may 
b?  needed,  (b)  to  establish  relations  with  the  committee  of  the  Inter- 
national Association  of  Academies  for  Brain  Investigation  and  with 
other  committees  for  collective  investigation,  (c)  the  committee  recom- 
mends that  the  board  bear  in  mind  that  while  the  general  trend  of 
work  above  outlined  is  recommended  there  is  no  intention  to  advise 
limitation  of  the  functions  of  the  institute  to  it  exclusively. 

■"The  advisory  board  proceeded  to  appoint  the  following  committees: 
on  neurology  and  the  establishment  of  relations  with  the  International 
Association  of  Academies,  Dr.  L.  F.  Barker,  Dr.  H.  H.  Donaldson,  Dr. 
F.  P.  Mall.  Dr.  J.  P.  McMurrich,  Dr.  C.  S.  Minot  (this  committee  to 
elect  its  own  chairman) ;  on  relations  of  the  Wistar  Institute  to  Amer- 
ican Anatomists,  Professor  S.  H.  Gage,  chairman.  Dr.  Geo.  A.  Piersol, 
Dr.  G.  Carl  Huber;  on  comparative  anatomy  and  embryoiog>'.  Dr.  Geo. 
S.  Huntington,  chairman.  Dr.  E.  G.  Conklin,  Dr.  F.  P.  Mall."  (Science, 
May  5,  1905.) 

The  members  of  the  conference  have  been  appointed  a  permanent 
advisorv  board  of  the  institute. 


37   (p.  101).     SOCIETIES. 

The  oldest  of  the  American  Scientific  Societies,  the  American  Philo- 
sophical Society,  which  originated  from  a  society  founded  in  1743,  the 
American  Academy  of  Arts  and  Sciences,  founded  in  1780,  the  various 
state  and  municipal  Academies  of  Science,  and  the  medical  societies  of 
the  country  long  afforded  some  means  of  verbal  commtmication  of  ana- 
tomical discoveries  and  for  their  publication. 

The  great  popularizing  society,  the  American  Association  for  the  Ad- 
vancement of  Science,  founded  in  1848,  has  performed  a  similar  service. 
Among  its  presidents  two  morphologists  are  to  be  found,  Jeffries 
Wyman,  18-57.  C.  S.  Minot.  1901.  and  three  paleontologists.  Louis 
Agassiz.  1851.  O.  C.  March,  1878.  and  E.  D.  Cope.  1896.  At  the  twenty- 
fourth  session  of  the  society,  in  1875.  the  association  met  in  two  sec- 
tions, of  which  one  was  given  up  to  "Natural  History,"  with  sub-sec- 
tions in  microscopy,  anthropology-,  and  entomology  (1881).  At  the 
thirty-first  session,  in  1882,  the  society  met  in  nine  sections  of  which 
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OI13  was  devoted  to  "Biologj',"  one  to  "Microscopy"  (given  up  in  1885), 
and  one  to  "Anthropology."  Since  1892  the  "Biological  Section"  has 
been  divided  into  Zoological  and  Botanical  Sections.  In  1902  a  section 
of  physiology  and  experimental  medicine  was  formed.  There  has 
never  teen  a  section  devoted  especially  to  anatomy,  but  numerous 
papers  dealing  with  various  aspects  of  organic  structure  have  been 
presented  before  the  various  sections  mentioned.  Among  those  who 
have  presided  over  the  section  "Biologj- '  may  be  mentioned  E.  D.  Cope, 
1884,  B.  G.  Wilder,  1885,  C.  S.  Minot.  1890,  and  S.  H.  Gage.  1892. 
W.  G.  Farlow.  who  has  done  much  to  advance  vegetable  anatomy  in 
this  country,  presided  in  1887.  In  section  "F."  "Zoologj-,"  H.  F.  Os- 
born,  1893.  A.  S.  Packard,  1898,  S.  H.  Gage,  1899,  C.  B.  Davenport, 
1900,  E.  L.  Mark,  1902  and  1904,  and  C.  W.  Hargitt,  1903,  zoologists  who 
have  devoted  much  attention  to  morphological  problems,  were  among 
those  selected  to  preside.  Among  the  presidents  of  the  section  "G," 
"Botany,"  there  have  been  several  who  have  devoted  especial  atten- 
tion to  the  anatomy  of  plants,  C.  E.  Bessey.  1893.  L.  M.  Underwood, 
1894..  and  W.  G.  Farlow.  1898.  Of  the  presidents  of  section  "H."  "An- 
thropology," D.  G.  Brinton,  1887,  Frank  Baker.  1890,  and  W.  H.  Holmes, 
1892,  have  all  contributed  toward  physical  anthropology'. 

In  1878  a  growing  popular  interest  led  to  the  formation  of  the  Amer- 
ican Microscopical  Society.  Although  some  valuable  papers  have  been 
presented  before  this  society,  there  is  comparatively  little  in  its  Trans- 
actions of  interest  to  the  professional  anatomist. 

In  1881  the  Society  of  Naturalists  of  the  Eastern  United  States  was 
organized  for  the  discussion  of  methods  of  investigation  and  instruc- 
tion, laboratory  technique  and  museum  administration  and  other  topics 
of  interest  to  investigators  and  teachers  of  nattiral  science.  Member- 
ship was  restricted  to  those  who  had  done  original  work.  For  several 
years  this  society  proved  a  valuable  means  of  bringing  together  the 
leading  biologists  of  the  country  once  a  year  to  discuss  the  various 
topics  mentioned  above.  After  the  formation  of  the  American  Morpho- 
logical Society  in  1890  the  Society  of  Naturalists  finally  became  con- 
verted into  an  organization  for  the  maintenance  of  a  center  at  which 
numerous  special  societies  devoted  to  various  aspects  of  nattiral  history 
might  meet  in  conjunction.  Among  the  special  societies  are  the  Asso- 
ciation of  American  Anatomists,  the  American  Morphological  Society, 
the  American  Physiological  Society,  the  American  Psychological  Asso- 
ciation, the  American  Society  of  Zoologists,  the  Society  of  American 
Bacteriologists,  the  Geological  Society  of  America,  the  Society  for 
Plant  Morphologj-  and  Physiology,  the  American  Anthropological  Asso- 
ciation, the  American  Society  of  Vertebrate  Paleontologists,  etc.     The 
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Society  of  Naturalists  arranges  railroad  rates  and  holds  an  annual 
meeting  and  an  annual  dinner  at  which  speeches  devoted  to  some  topics 
of  the  day  important  to  biologists,  are  given  by  distinguished  investi- 
gators.    Since  1902  it  has  had  Eastern  and  Central  sections. 

The  increased  interest  in  the  anatomical  sciences,  which  developed 
in  this  country  during  the  last  quarter  of  the  nineteenth  century,  led 
in  1888  to  the  establishment  of  the  Association  of  American  Anato- 
mists. 

This  association  was  formed  at  a  meeting  of  the  Congress  of  Amer- 
ican Physicians  and  Surgeons  at  Washington,  September,  1888.  Among 
the  organizers  were  Dr.  Harrison  Allen  of  the  University  of  Pennsyl- 
vania; Dr.  Frank  Baker,  Professor  of  Anatomy,  Georgetown  Univer- 
sity; Dr.  Augustus  Bernays,  Professor  of  Anatomy,  the  St.  Louis  College 
of  Physicians  and  Surgeons;  Dr.  W.  W.  Gray,  Microscopist,  Army  Med- 
ical Museum;  Dr.  Horace  Jayne,  Professor  of  Vertebrate  Morphology, 
the  University  of  Pennsylvania;  Dr.  D.  S.  Lamb,  Professor  of  Anatomy, 
Medical  Department,  Howard  University,  Washington,  D.  C;  Mr.  F.  A. 
Lucas,  Osteologist,  U.  S.  National  Museum;  Dr.  George  McCIellan,  of 
Philadelphia;  and  Dr.  J.  Wortman.  Anatomist,  Army  Medical  Museum. 
The  object  of  the  society  v.-as  and  is  "the  advancement  of  the  anatom- 
ical sciences."     The  first  president  was  J.  Leidy. 

Among  the  more  prominent  of  other  early  members  may  be  men- 
tioned E.  P.  Allis,  H.  Ayers,  George  Bauer,  J.  A.  Blake,  E.  D.  Cope, 
W.  T.  Councilman,  T.  Dwight,  P.  A.  Fish,  F.  Baker,  S.  H.  Gage,  T.  N. 
Gill,  C.  Heitzmann,  C.  J.  Herrick,  G.  S.  Huntington,  W.  W.  Keen,  G.  T. 
Kemp,  T.  G.  Lee,  J.  Leidy,  C.  S.  Minot,  J.  P.  McMurrich,  O.  C.  Marsh, 
H.  F.  Osborn,  G.  A.  Piersol,  J.  A.  Ryder.  W.  B.  Scott,  F.  J.  Shepherd, 
R.  W.  Shufeldt,  E.  C.  Spitzka,  T.  B.  Stowell.  B.  G.  Wilder.  S.  W.  Wil- 
liston,  W.  P.  Wilson,  and  R.  Ramsey  Wright. 

In  1891  there  were  84  members.  Of  these  44  were  professors  and 
instructors  in  various  medical  schools,  scarcely  half  a  dozen  of  whom 
could  properly  be  called  scientific  investigators.  Ten  were  professors 
and  instructors  in  zoology,  all  men  of  scientific  attainments,  five  were 
scientists  on  the  staff  of  the  U.  S.  Museum,  three  were  professors  of 
geology  and  paleontology',  two  professors  of  botany,  and  the  rest  were 
variously  interested  in  the  study  of  the  biological  sciences. 

In  1894  out  of  300  professors  and  demonstrators  of  anatomy  in  the 
various  medical  schools  of  this  country  and  Canada  but  48  were  mem- 
bers of  the  association.  At  the  time  of  the  last  publication  of  a  list 
of  members  of  the  association  (1903),  there  were  150  members,  of  whom 
101  were  professors  and  instructors  in  medical  schools.  Of  these  about 
"half  have   published   scientific   articles    of  merit.     Hereafter  scientific 

105 


190 


BULLETIN    OF   THE   UNIVEKSITY   OF   WISCONSIN. 


work  will  be  made  a  requirement  for  admission.  Of  the  remaining  49^ 
two  are  anthropologists,  twelve  zoologists,  two  botanists,  twenty-five 
physicians  and  surgeons,  one  a  pathologist,  five  physiologists,  one  a- 
pharmacologist,  and  one  is  a  maker  of  anatomical  models.  The  medi- 
cal departments  of  42  out  of  166  medical  schools  of  the  country  are  rep- 
resented. In  addition  seven  universities  not  having  medical  depart- 
ments are  represented,  as  well  as  the  Field  Columbian  Museum,  Army- 
Medical  Museum  and  the  Philadelphia  Commercial  Museum. 

The  following  table  shows  the  geographical  distribution  of  the  mem- 
bers since  the  society  was  founded: 


1888. 

1891. 

1892. 

1894. 

1895. 

1897. 

1898. 

1899. 

1900. 

1901. 

1902. 

1903 

Pennsylvania . . . 

23 

19 

21 

18 

17 

14 

1.5 

9 

9 

9 

10 

15 

New  York  

12 

J9 

21 

24 

28 

40 

35 

39 

38 

35 

36 

Dist.  Columbia . 

9 

17 

16 

17 

18 

17 

17 

14 

14 

9 

11 

10 

Massachusetts  . 

8 

7 

7 

9 

9 

9 

9 

10 

9 

11 

13 

15 

Canada 

3 

3 

4 

3 

4 

4 

0 

6 

6 

6 

6 

6 

3 
3 

4 
3 

0 

3 

2 

2 
3 

4 
5 

4 

5 

4 
5 

8 
5 

16 
4 

19 

18 

Virginia  

5 

Connecticut  — 

2 

3 

0 

0 

0 

0 

4 

3 

3 

4 

4 

California 

o 

1 

1 

1 

1 

1 

1 

1 

3 

4 

4 

Louisiana 

0 

2 

9 

2 

2 

3 

2 

2 

Missouri 

1 

1 

4 

4 

0 

a 

3 

4 

.T 

r> 

b 

Colorado        — 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

Kansas 

Maryland 

1 

1 

1 

1 

1 

1 

1 

3 

4 

8 

8 

9 

12 

Minnesota 

1 

1 

1 

i 

1 

1 

1 

1 

2 

Mictiisan 

2 

1 

1 

1 

■^ 

1 

3 

4 

Nebraska  

New  .Jersey 

New  Mexico 

Ohio 

1 

1 

1 

i 

2 

2 

4 

6 

5 

5 

5 

5 

4 

4 

4 

Tennessee 

Texas 

1 

1 

0 

1 

3 

.3 

9 

i 

1 

2 

3 

Wisconsin 

1 

1 

1 

1 

1 

1 

2 

2 

2 
1 
1 

0 

2 

i 
1 
1 

3 
1 
1 

3 

1 
1 

i) 

0 

6 

6 

6 

1 

9 

Arizona 

West  Virsinia 
South  Carolina. 

1 

1 

1 

Oregon 

>ew  Hampshire 

Georgia 

North  Carolina. 

1 

i 

1 

1 

9 

1 

1 

I 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 



The  presidents  of  the  society  have  been,  Dr.  Joseph  Leidy,  1888  to 
1890;  Dr.  Harrison  Allen,  from  1891  to  1892;  Dr.  Thomas  Dwight,  from 
1893  to  1894;  Dr.  Frank  Baker,  from  1895  to  1896;  Dr.  B.  G.  Wilder, 
from  1897  to  1899;  Dr.  George  S.  Huntington,  from  1899  to  1903,  and 
Dr.  C.  S.  Minot,  1904. 

Under  the  leadership  of  Professors  Huntington,  Huber,  Gage,  Mall, 
Minot,  and  other  leading  anatomists,  the  society  is  at  present  doing 
much  to  develop  scientific  anatomy. 

The  morphological  direction  which  biologj^  took  in  America  during 
the  eighties  produced  a  large  number  of  zoologists  interested  in  certain, 
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aspects  of  comparative  anatomy  who  failed  to  find  in  the  Anatomical 
Society  congenial  association.  This  was  due  in  part  to  lack  of  ac- 
quaintance with  and  interest  in  the  problems  of  human  anatomy,  and 
in  part  to  the  fact  that  a  large  number  of  the  members  of  the  Associa- 
tion of  Anatomists  were  not  productive  investigators.  A  number  of 
biologists,  therefore,  in  1890  founded  the  American  Morphological  Soci- 
ety for  the  presentation  and  discussion  of  new  or  important  facts  in  the 
department  of  animal  morphologj-  and  limited  the  membership  to  active 
contributors  in  that  field  of  work.  The  founders  of  the  society  were, 
E.  A.  Andrews,  associate  professor  in  biology,  Johns  Hopkins  Univer- 
sity; Howard  Ayers,  late  president  of  the  University  of  Cincinnati; 
H.  C.  Bumpus,  director  American  Museum  of  Natural  History;  S.  F. 
Clarke,  professor  of  natural  history,  Williams  College;  Dr.  E.  G.  Gard- 
iner, Boston,  Mass.;  Dr.  A.  Hyatt,  curator,  Boston  Society  of  Natural 
History;  F.  P.  Mall,  professor  of  anatomy,  Johns  Hopkins  University; 
E.  L.  Mark,  Hersey  professor  of  anatomy  and  director  of  the  zoological 
laboratory,  Harvard  University;  J.  P.  ^NIcMurrich,  professor  of  anatomy, 
University  of  Michigan;  C.  S.  Minot,  professor  of  histology  and  human 
embryology.  Harvard  University;  T.  H.  Morgan,  professor  of  zoology, 
Columbia  University;  E.  S.  Morse,  director  of  Peabody  Academy  of  Sci- 
ence; H.  F.  Osborn,  professor  of  zoology,  Columbia  University;  G.  H. 
Parker,  assistant  professor  of  zoology,  Harvard  University;  W.  M. 
Rankin,  assistant  professor  of  biology,  Princeton  University;  S.  H. 
Scudder,  Cambridge,  ]Mass.;  S.  I.  Smith,  professor  of  comparative  anat- 
omy, Yale  University;  Dr.  S.  Watase,  Imperial  University,  Tokio, 
Japan;  W.  M.  "V\Tieeler,  curator  of  invertebrate  zoology,  American  Mu- 
seum; C.  O.  Whitman,  head-professor  of  zoology,  University  of  Chicago; 
E.  B.  Wilson,  professor  of  zoology,  Columbia  University;  and  R.  Ram- 
sey Wright,  professor  of  biology.  University  of  Toronto. 

The  presidents  have  been  C.  0.  Whitman,  from  1890  to  1894;  E.  B. 
Wilson,  for  1894-5:  E.  L.  Mark,  for  189.5-6;  C.  S.  Minot,  for  1896-7; 
H.  F.  Osborn,  for  1897-8;  E.  G.  Conklin,  for  1898-9;  T.  H.  Morgan,  for 
1899-0;  J.  S.  Kingsley,  for  1900-1. 

After  a  most  useful  career  of  twelve  years  the  society  was  finally, 
in  1902,  reorganized  as  the  American  Society  of  Zoologists,  with  two 
branches,  an  Eastern  and  a  Central.  The  scientific  development  of  the 
Association  of  American  Anatomists  has  at  the  same  time  attracted 
into  its  membership  a  considerable  proportion  of  zoologists  interested 
in  anatomical  problems. 

In  1901  the  American  Paleontological  Society,  Section  A — Verte- 
brata,  was  formed.  The  organization  of  this  society  gives  expression 
to  a  line  of  scientific  activity  that  has  been  prominent  in  America  for 
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over  a  century  and  in  which  Americans  have  been  among  the  world- 
leaders.  For  1905  W.  B.  Scott  is  president  and  Marcus  S.  Farr,  secre- 
tary. 

38.   (p.  101).     JOURNALS. 

Articles  relating  to  human  anatomy  have  always  been  received  by  the 
leading  medical  journals.  The  first  of  these  was  the  2i^ew  York  Medical 
Repository,  founded  in  1797.  Thacher  (American  Medical  Biography) 
gives  a  list  of  some  twenty  journals  established  previous  to  1828.  Since 
then  the  number  of  journals  which  have  been  established  and  main- 
tained for  a  greater  or  less  length  of  time  is  very  great.  Of  these  vari- 
ous journals  the  American  Journal  of  the  Medical  Sciences  of  Phila- 
delphia and  TJie  Johns  Hopkins  Hospital  Bulletin  and  Reports  of  Balti- 
more have  contained  numerous  scientific  contributions  to  anatomy. 
The  Bulletin  has  furnished  several  anatomical  numbers.  Other  medical 
journals  have  also  published  contributions  of  importance  to  anatomy. 
Among  these  maj'  be  mentioned  the  Journal  of  the  Boston  Society  of 
Medical  Sciences,  the  Boston  Medical  and  Surgical  Journal  and  the 
Journal  of  Medical  Research,  of  Boston;  The  Xew  York  Medical  Jour- 
nal. Journal  of  Obstetrics.  Journal  of  E.vperimental  Medicine,  Journal 
of  Mental  and  Xervous  Diseases  and  the  Journal  of  Neurology  and  Psy- 
chiatry, of  New  York;  the  Annals  of  Surgery  and  University  of  Penn- 
sylvania Medical  Bulletin,  of  Philadelphia;  and  the  Journal  of  the 
American  Medical  Associatioyi,  of  Chicago. 

The  American  Anthropologist  and  other  publications  devoted  to  An- 
thropology have  contained  numerous  articles  of  value  on  physical  an- 
thropology-. 

The  publications  of  museums  and  of  various  learned  societies,  mu- 
nicipal, state  and  national,  and  the  special  publications  of  various  edu- 
cational institutions  have  offered  opportunity  for  the  publication  of 
articles  on  anatomy.  Of  these  the  publications  of  the  Boston  Society 
of  Natural  History  and  the  Bulletins  of  the  Museum  of  Comparative 
Zoology-  at  Cambridge  contain  the  greatest  number  of  articles  on  ana- 
tomical subjects,  paleontology  excepted. 

In  1818  Professor  Stilliman  of  Yale  commenced  the  publication  of 
the  American  Journal  of  Science.  This  journal  for  nearly  a  century 
has  been  a  potent  means  of  stimulating  scientific  research.  It  has, 
however,  been  devoted  rather  to  chemistrj-  and  mineralogy  than  to 
biology. 

The  establishment  of  the  American  Xaturalist  by  A.  S.  Packard,  C.  S. 
Morse.  A.  Hyatt  and  F.  W.  Putnam  in  1867,  filled  a  growing  need  of  a 
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journal  for  the  publication  of  articles  by  those  interested  in  natural 
history.  Under  the  editorship  of  Packard,  Cope  and  Kingsley  it  proved 
of  the  greatest  value  to  American  biology.  A  considerable  number  of 
important  articles  on  anatomical  problems  treated  from  the  biological 
standpoint  have  appeared  in  this  journal. 

The  swing  toward  morphological  problems  which  distinguished  the 
development  of  zoology  in  this  country  during  the  eighties  led  in  1887 
to  the  establishment  of  the  Journal  of  Morphology  with  C.  O.  Whitman 
as  editor  and  E.  P.  Allis  as  co-editor  and  chief  financial  supporter. 
This  journal  did  much  to  encourage  scientific  work  in  America  and  to 
call  the  attention  of  European  biologists  to  the  progress  here  being 
made.  The  expense  of  carrying  it  on  proved  so  great  that  in  1900  it 
was  discontinued.  Fortunately  it  is  announced  that  its  publication 
will  soon  be  resumed. 

In  1891  C.  L.  Herrick  established  the  Journal  of  Comparative  Neu- 
rology. The  chief  work  of  carrying  on  the  journal  has  fallen,  however, 
upon  the  shoulders  of  his  brother.  C.  J.  Herrick,  Professor  of  Biology, 
Denison  University,  Granville,  Ohio,  who  has  earned  the  gratitude  of 
all  Americans  interested  in  scientific  neurology  for  the  aid  thus  given 
to  its  advance.  In  1903  the  scope  of  the  journal  was  extended  so  as  to 
include  comparative  psychology  and  R.  M.  Yerkes  and  H.  S.  Jennings 
became  associated  with  C.  .J.  Herrick  and  O.  S.  Strong  in  its  manage- 
ment. 

Several  journals  on  microscopy  have  been  published  in  this  country, 
most  of  them  of  a  very  "popular"  nature.  The  most  important  of  them, 
the  American  Monthly  Microscopical  Journal,  contains  some  articles  of 
interest  to  professional  anatomists.  In  1898  the  Journal  of  Applied 
Microscopy  was  established  at  Rochester  with  the  support  of  the  Bausch 
&  Lomb  Optical  Company.  This  journal  was  devoted  more  especially  to 
microscopic  technique  and  published  a  considerable  number  of  valuable 
articles  on  this  subject.  Owing  to  the  expense  involved  in  maintaining 
the  journal  it  was  discontinued  in  1903. 

In  1899  the  Biological  Bulletin  was  established  to  serve  primarily  as 
a  place  for  publication  of  brief  articles  on  w^ork  done  at  the  Marine 
Biological  Laboratory  at  Woods  Hole.  It  has  been  edited  by  the  Di- 
rector and  Staff  of  the  Laboratory  and  since  1902  has  been  under  the 
active  editorship  of  F.  R.  Lillie.  Much  of  the  work  there  published  is 
based  on  studies  of  organic  structure. 

In  1901  the  American  Journal  of  Anatomy  was  established  by  G.  S- 
Huntington,  F.  P.  Mall  and  C.  S.  Minot,  with  whom  are  associated  as 
editors,  L.  F.  Barker,  T.  Dwight.  S.  H.  Gage,  G.  C.  Ruber,  G.  S.  Piersol, 
J.  P.  McMurrich  and  J.  L.  Flint.     The  business  management  of  the  jour- 
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nal  is  in  the  hands  of  the  Secretary  of  the  Editorial  Board,  Dr.  H.  Mc  E. 
Knower.  Many  generous  friends  have  aided  the  editors  in  establishing 
an  endowment  fund  for  the  journal.  It  has  assumed  a  high  character 
and  has  been  classed  by  Waldeyer  (Merkel-Bonnet,  Ergebnisse,  1903) 
as  of  a  merit  equal  to  that  of  the  better  European  journals.  The  jour- 
nal is  the  official  organ  of  the  Association  of  American  Anatomists. 

In  1904  the  Journal  of  Experimental  Zoology  was  established  with 
the  following  editors:  W.  K.  Brooks,  W.  E.  Castle,  E.  G.  Conklin, 
C.  B.  Davenport,  R.  G.  Harrison,  H.  S.  Jennings,  J.  Loeb,  T.  H.  Morgan, 
G.  H.  Parker,  C.  O.  WTiitman,  and  E.  B.  Wilson.  R.  G.  Harrison  is  the 
managing  editor.  This  journal  is  the  natural  expression  of  the  great 
activity  which  has  been  shown  of  recent  years  by  Americans,  especially 
those  mentioned  above  as  editors,  in  the  field  of  experimental  mor- 
phology.    It  marks  a  new  step  in  advance. 

Mention  should  be  likewise  made  of  the  fact  that  C.  B.  Davenport  is 
one  of  the  three  active  editors  of  the  new  journal,  Biometmca,  published 
in  London.  This  journal  deals  with  statistical  methods  of  study  of  bio- 
logical problems. 


39,    (p.  103).     SPECIAL,  HUMAN  ANATOMY. 

Histoid  of  anatomy:  Numerous  addresses  have  been  published  by 
Americans.  Of  these  W.  W.  Keen's  "Sketch  of  the  Early  History  of 
Practical  Anatomy,"  Philadelphia,  1874,  is  of  special  value  because  of 
the  light  it  throws  on  the  conditions  in  the  English  schools  of  the 
eighteenth  century  from  which  the  American  schools  arose.  E.  M. 
Hartwell  has  likewise  made  a  good  contribution  in  his  "The  Study  of 
Human  Anatomy."  (Studies  from  the  Biological  Laboratory,  Balti- 
more, 1881.)  A  most  valuable  account  of  the  history  of  anatomy  in 
America  is  to  be  found  in  W.  W.  Keen's  "The  Philadelphia  School  of 
Anatomy"  (1875).  E.  M.  Hartwell  also  has  published  a  valuable  paper 
in  his  "Hindrances  to  Anatomical  Study  in  the  United  States"  (Annals 
of  Anatomy  and  Surgery,  Brooklyn,  1881).  Carson's  History  of  the 
Medical  Department  of  the  University  of  Pennsylvania  may  likewise  be 
consulted  with  advantage. 

Text-books:  A  considerable  number  of  text-books  on  descriptive 
human  anatomy  have  been  compiled  by  Americans  but  none  of  them 
have  the  popularity  in  this  country  of  the  leading  English  anatomies 
and  none,  so  far  as  I  am  aw^are,  have  been  used  outside  of  the  United 
States.  Among  the  more  recent  authors  may  be  mentioned  H.  Allen, 
Human  Anatomy   (1882);   J.  Leidy,  Human  Anatomy   (1889);    Brock- 
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way  and  0"Malley.  Human  Anatomy  (1892) ;  F.  H.  Gerrish,  Text-Book 
of  Anatomy  by  American  Authors  (2d  ed.,  1902). 

L.  F.  Barker  has  translated  into  English  Spalteholz"s  valuable  Hand 
Atlas  of  Human  Anatomy   (1901-1903). 

Of  manuals  of  dissection  may  be  mentioned  those  of  F.  D.  Weisse 
(1886,  Practical  Human  Anatomy,  a  book  of  great  merit  and  orig- 
inality), A.  Hewson  (1893),  C.  Heath  (1893),  W.  A.  Campbell  (1895), 
I.  S.  Haynes  (1896).  W.  T.  and  C.  D.  Eckley  (19''»3).  and  the  recent 
excellent  "Laboratory  Manual  of  Anatomy"  by  L.  F.  Barker   (1904). 

Articles  on  methods  of  teaching  and  study  have  within  recent  years 
been  published  by  H.  Allen  (1891).  F.  Baker  (1884.  1887).  C.  R.  Bar- 
d?en  (1900).  L.  F.  Barker  (1901),  A.  D.  Bevan  (1892),  W.  D.  Carr 
(1892),  T.  Dwight  (1890,  1891,  189.5),  F.  H.  Gerrish  (1895),  G  S.  Hunt- 
ington (1898,  1899,  1901),  C.  M.  Jackson  (1901),  W.  W.  Keen  (1881), 
W.  Keller  (1894).  F.  P.  Mall  (1895,  1899,  1905),  G.  H.  Minks  (1885), 
J.  P.  McMurrich  (1899),  W.  Osier  (1894),  W.  Pepper  (1894).  A.  Prim- 
rose (1894),  R.  Rayburn  (1891).  W.  Shields  (1894).  and  R.  J.  Terry 
(1904). 

Text-books  on  surgical  anatomy  have  been  written  by  J.  B.  D;aver 
(1900-1904),  and  G.  McClellan  (1892),  on  clinical  anatomy  by  D.  N. 
Eisendrath  (1903),  and  on  artistic  anatomy  by  G.  McClellan  (1901). 
T.  Dwight  published  in  1881  "The  Frozen  Sections  of  a  Child."  Many 
of  the  more  recent  text-books  on  special  branches  of  surgery  have  ex- 
cellent chapters  on  the  anatomy  of  certain  areas  of  the  body.  J.  W. 
Williams'  "Obstetrics"  and  H.  A.  Kelley's  "Gynecology"  may  here  espe- 
cially be  mentioned.  Many  articles  on  surgical  operations  have  like- 
wise contained  good  accounts  of  the  anatomy  of  special  regions. 

Articles  on  preparation,  preservation  and  tise  of  anatomical  material 
and  specimens  have  been  written  by  J.  L.  Flint  (1905),  A.  Hewson 
(1892).  E.  W.  Holmes  (1897).  W.  W.  Keen  (1873).  W.  Keller  (1892), 
A.  T.  Kerr  (1901").  F.  P.  Mall  (1896),  R.  Park  (1882).  R.  W.  Roosevelt 
(1889).  R.  J.  Terry  (1902),  and  several  others.  (See  especially  F.  P. 
Mall.  Johns  Hopkins  Bulletin.  May- June.  1896,  and  1905:  and  Commit- 
tee Assn.  Am.  Anat..  Science,  vol.  3,  1896.) 

Papers  on  the  anatomy  and  the  frequency  of  structural  variation  of 
the  various  organic  systems  in  man  have  been  written  by  the  following: 

Skeletal  system:  H.  Allen,  C.  R.  Bardeen.  F.  Brockway.  J.  D.  Bry- 
ant. G.  R.  Butler.  E.  B.  Clinton.  E.  R.  Corson,  T.  Dwight  A.  Hrdlicka. 
P.  P.  Lardlaw.  J.  Leidy.  R.  W.  Lovett.  F.  Mall,  J.  H.  Packard.  C.  A. 
Parker,  F.  J.  Shephard.  E.  A.  Taylor.  R.  T.  Terry.  G.  Walker.  J.  A. 
"Wyeth. 

Muscular  system :     H.  Allen.  E.  A.  Ballock.  F.  Baker.  H.  A.  Christian. 
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Clarkson,  J.  D.  Craig,  J.  B.  Deaver,  T.  Dwight,  W.  S.  Forbes,  A.  Harri- 
son, G.  S.  Huntington,  W.  W.  Keen,  W.  G.  Lee,  J.  Leidy,  W.  H.  Lewis, 
J.  P.  McMurrich,  F.  J.  Shephard,  W.  H.  ^\Tiite,  J.  S.  Wight,  and  T. 
Wilson. 

rascular  system:  F.  Baker,  R.  B.  Bean,  W.  Browning.  J.  D.  Bryant, 
W  Coleman,  J.  B.  Deaver,  T.  Dwight,  J.  M.  Hitzrot,  W.  Keiller,  and 
F.  J.  Shephard. 

The  Mood:  L.  F.  Barker,  G.  C.  Huber.  F.  T.  Lewis,  G.  T.  Kemp.  C.  S. 
Minot,  W.  Moser,  W.  Osier,  and  M.  C.  White. 

Genito-urinary  system:  M.  Brodel,  V.  Carnett.  J.  G.  Clark,  H.  C. 
Coe,  T.  S.  Cullen,  G.  C.  Huber.  G.  L.  Hunner,  D.  S.  Lamb,  E.  Martin, 
C.  S.  Minot,  J.  P.  Morse.  G.  A.  Piersol,  G.  Walker,  J.  W.  Webster,  and 
J.  W.  Williams. 

Alimentary  tract  and  abdomen:  C.  B.  Ball,  R.  B.  Bensley,  J.  A. 
Blake,  C.  S.  Coakley.  C.  H.  Harvey,  A.  W.  Hewlett,  E.  Hodenpyl,  G.  H. 
Huntington,  C.  N.  Johnson,  W.  B.  Johnston,  D.  S.  Lamb,  F.  P.  Mall, 
T.  H.  Manley,  R.  O.  Moody,  D.  G.  Revell,  Byron  Robinson. 

Respiratory  tract  and  thorax:  H.  J.  Bigelow,  J.  A.  Blake,  W.  T. 
Councilman,  F.  Delafield,  G.  S.  Huntington,  W.  W.  Keen.  D.  D.  Lewis, 
W.  S.  Miller,  H.  J.  Prentiss,  J.  W.  Roosevelt,  C.  Seller,  and  E.  A. 
Spitzka. 

The  skin  and  glands:  T.  S.  McGillienday,  G.  C.  Huber,  W.  Keller, 
C.  S.  Minot,  R.  B.  Morrison,  H.  H.  Wilder. 

Xervous  system:  Donaldson's  "Growth  of  the  Brain"  (1895).  con- 
tains much  useful  information  about  the  adult  as  well  as  the  growing 
brain.  R.  H.  Whitehead  has  written  a  small  book  on  "The  Anatomy 
of  the  Brain."  M.  Allen  Starr,  O.  S.  Strong  and  E.  Learning  have  pub- 
lished an  atlas  of  nerve  cells  (1897).  F.  R.  Sabin  (1901)  has  con- 
tributed a  standard  "Atlas  of  the  Medulla  and  Midbrain,"  L.  F.  Barker 
(1899),  a  text-book  on  "The  Nen'ous  System  and  Its  Constituent 
Neurons,"  and  H.  C.  Gordinier  (1899).  a  text-book  on  the  "Gross  and 
Minute  Anatomy  of  the  Central  Nervous  System." 

Among  those    who    have    contributed    special    articles  on    the  peri- 
pheral nervous  system  of  man  may  be  mentioned:  C.  R.  Bardeen,  L.  F. 
Barker,  C.  J.  Blake,  H.  Gushing.  C.  L.  Dana.  A.  W.  Elting.  C.  E.  Inge-' 
bert.  J.  P.  McMurrich,  Newton.  W.  F.  Norris,  M.  Allen  Starr.  J.  Wal- 
lace, and  J.  F.  Walsh. 

Among  those  who  have  contributed  to  the  anatomy  of  the  human 
central  nervous  system  may  be  mentioned:  R.  B.  Bean.  H.  J.  Berkley, 
J.  E.  Blake,  W.  Browning.  Brown-Sequard.  A.  Church.  C.  L.  Dana.  F.  X. 
Dercum,  H.  H.  Donalson.  H.  A.  Fowler,  B.  B.  Gallaudet,  E.  Goodall, 
Alice  Hamilton,  G.  S.  Huntington,  F.  P.  Mall,  McLane  Hamilton,  E.  L. 
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Melius,  A.  Meyer,  C.  K.  Mills,  F.  R.  Sabin,  B.  Sachs,  M.  G.  Schlapp, 
E.  C.  Seguin,  W.  G.  Spiller,  E.  A.  Spitzka.  E.  C.  Spitzka,  M.  Allen  Starr, 
O.  S.  Strong,  H.  D.  Thompson,  W.  H.  White,  B.  G.  Wilder,  and  W.  L. 
Worcester. 

.Development:  The  following  have  published  papars  on  human  em- 
bryology: C.  R.  Bardeen,  J.  M.  Berry,  J.  L.  Bremer,  M.  Broedel,  J.  G. 
Clark,  S.  P.  Gage,  R.  G.  Harrison,  W.  F.  Hendrickson,  F.  Hinman,  C.  M. 
Jackson,  W.  W.  Keen,  W.  H.  Lewis,  J.  B.  MacCallum,  F.  P.  Mall,  A.  W. 
Meyers,  C.  S.  Minot,  R.  M.  Pearce,  A.  G.  Pohlman,  F.  R.  Sabin,  H.  D. 
Schmidt,  G.  L.  Streeter,  M.  T.  Sudler,  H.  E.  Walter,  R.  Weil,  E.  V. 
Wilcox. 

The  following  are  a  few  among  the  many  who  have  published  papers 
describing  cases  of  marked  abnormality  in  development:  H.  Allen, 
F.  H.  Allen,  F.  Baker,  W.  E.  Baldwin,  E.  E.  Bancroft,  B.  Bigelow,  R.  L. 
Bowles,  G.  Bull,  J.  C.  Carson,  J.  G.  Clark,  H.  C.  Coe,  J.  D.  Craig,  M.  H. 
Dean,  T.  Dwight.  L.  Freeman,  W.  J.  Fairchlld,  G.  H.  Fisher,  C.  M. 
Green.  H.  D.  Hamilton,  R.  G.  Harrison,  L.  Hektoen,  B.  C.  Hirst,  G. 
A.  Hamman.  W.  T.  Howard.  T.  Hubbard,  J.  Kaufmann,  C.  M.  Kennedy, 
F.  E.  Lloyd,  J.  W.  S.  McCullough,  A.  McDiarmid,  W.  A.  MacFarlane, 
W.  G.  Mac-Callum,  J.  M.  Mathews.  W.  F.  Milroy,  W.  Moser,  A.  S.  Morton, 
T.  H.  Myers.  W.  P.  Northrup,  J.  C.  Oliver,  W.  Osier,  D.  L.  Paine,  R, 
Park,  C.  B.  Penrose,  J.  C.  Perry,  G.  A.  Piersol.  A.  Primrose,  A.  Prince, 
R.  H.  Sayre,  G.  G.  Sears,  E.  T.  Shelley,  G.  E.  Shoemaker,  A.  J.  Smith, 
M.  M.  SmJlth,  L.  B.  Snow.  W.  A.  Sprigg,  R.  T.  Terry,  J.  S.  Thatcher,  P. 
Thorndike,  C.  W.  Townsend,  W.  S.  Wadsworth,  W.  H.  WTiite,  H.  H. 
Wilder,  H.  S.  Williams,  T.  Wilson,  R.  H.  W^ood. 

Tariation:  The  following  have  made  studies  of  variation  in  human 
structure  from  the  standpoint  of  age.  sex  and  race:  H.  Allen,  C.  R. 
Bardeen,  R.  B.  Bean.  H.  G.  Beyer,  F.  Boas.  H.  P.  Bowditch,  D.  G.  Erin- 
ton,  G.  A.  Dorsey,  T.  Dv/ight.  A.  W.  Elting,  B.  A.  Gould,  W.  W.  Hast- 
ings, E.  Hitchcock,  A.  Hrdlicka,  F.  P.  Mall,  W.  D.  Matthews,  W.  T. 
Porter,  W.  Z.  Ripley,  P.  Russell,  D.  K.  Shute,  E.  A.  Spitzka,  F.  Tucker- 
man,  G.  M.  West,  H.  H.  Wilder. 

W.  H.  Holmes,  J.  Leidy,  W.  D.  Whitney,  and  others,  have  described 
supposedly  ancient  human  bones. 

B.  G.  Wilder  has  long  advocated  an  original  and  simplified  system  of 
nomenclature  for  the  central  nervous  system.  He  has  gained  a  few 
partial  adherents  to  this.  L.  F.  Barker  has  had  more  success  in  intro- 
ducing into  use  in  this  country  the  new  nomenclature  adopted  by  the 
German  Society  of  Anatomists. 

The  above  lists  of  names,  like  those  of  the  following  notes,  have  been 
derived  primarily  from  the  general  indices  of  Schwalbe's  Anatomische 
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Jahresberichte  for  the  years  1872-1901.  Some  other  names  have  been 
added  but  the  lists  by  no  means  include  the  names  of  all  Americans 
who  have  contributed  articles  of  greater  or  less  merit  on  the  various 
subjects  mentioned.  Classification  of  papers  is  likewise  diflacult. 
Those  v.'ho  have  been  classed  as  contributing  to  one  subject,  because 
of  the  titles  of  their  papers,  often  have  in  reality  contributed  to  sev- 
eral related  fields  of  knowledge.  It  is  believed,  however,  that  the  lists 
mentioned  in  this  and  the  following  notes  may  prove  of  interest  be- 
cause they  show  what  fields  of  anatomy  have  been  most  cultivated  by 
Americans  and  the  considerable  numbers  that  have  worked  in  certain 
fields. 


40,  (p.  108).  COMPARATIVE  ANATOMY  OF  VERTEBRATES. 

^y.  H.  Howell  has  written  a  descriptive  anatomy  of  "The  Dog"  (1888), 
Reighard  and  Jennings  have  written  one  on  "The  Cat"  (1901),  Wilder 
and  Gage  on  the  cat  in  "Anatomical  Technology"  (1882),  and  H.  Jayne 
an  extensive  description  of  the  skeleton  of  the  cat  in  "Mammalian 
Anatomy  as  Preparation  for  Human  and  Comparative  Anatomy"  (Phil- 
adelphia, 1898).  A.  Davison  and  Gorham  and  Tower  have  also  pub- 
lished text-books  on  'The  Cat."  J.  M.  Fadyeau  has  published  (1904)  an 
"Anatomy  of  the  Horse,  a  Dissector's  Guide."  R.  W.  Shufeldt  (1890), 
has  published  a  book  on  the  "Myology  of  the  Raven."  A.  Wiley  has 
written  a  book  on  Amphioxus  and  the  life  history  of  the  vertebrates 
(1894).  J.  S.  Kingsley's  Vertebrate  Zoologj'  (1899),  is  an  interesting 
treatise  on  comparative  anatomy  and  embryology.  H.  N.  Martin  and 
W.  A.  Moale  published  early  in  the  eighties,  useful  guides  for  dissect- 
ing the  turtle,  the  pigeon  and  the  rat.  Special  mention  should  be  made 
of  G.  H.  Huntington's  '"'Anatomy  of  the  Peritoneum"  (1903),  an  exten- 
sive comparative  study. 

Until  within  the  last  twenty-five  years  the  bulk  of  the  work  done  in 
gross  comparative  anatomy  in  America  has  been  from  the  point  of  view 
of  specific  characteristics  and  genetic  relationships.  Among  the  more 
recent  contributors  to  this  field  of  the  comparative  vertebrate  anatomy 
may  be  mentioned:  A.  Agassiz,  L.  Agassiz,  H.  Allen,  E.  P.  Allis,  B.  A. 
Bensley,  G.  Baur,  H.  C.  Chapman.  J.  D.  Dana,  B.  Dean,  C.  H.  Eigenman, 
H.  H.  Field,  W.  K.  Gregory,  D  S.  Jordan,  T.  Gill.  O.  P.  Hay,  J.  S. 
Kingsley,  F.  A.  Lucas,  E.  L.  Mark,  J.  P.  Moore,  E.  S.  Morse,  H.  F.  Os- 
l)orn,  W.  Patten,  A.  M.  Reese,  J.  A.  Ryder.  A.  E.  Shipley,  R.  W.  Shu- 
feldt. R.  J.  Terry,  J.  K.  Thatcher.  B.  G.  Wilder. 

In  the  field  of  vertebrate  paleontology  Americans  have  been  unusu- 
ally active  for  a  century.     Among  the  more  recent  workers  are:     C.  J. 
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Adams,  C.  Austin,  G.  Baur,  E.  W.  Claypole,  W.  B.  Clapp,  E.  D.  Cope, 
B.  Dean,  C  R.  Eastman.  D.  G.  Elliot,  M.  S.  Farr,  T.  Gill,  J.  B.  Hatcher, 
O.  P.  Hay,  A.  Hyatt.  C.  R.  Keyes,  W.  C.  Knight,  J.  Leidy,  F.  B.  Loomis, 
R.  S.  Lull,  F.  A.  Lucas.  O.  C.  Marsh,  W.  U.  Matthew.  J.  C.  Merriam, 
E.  S.  Morse,  H.  F.  Osborn.  W.  Patten.  E.  S.  Riggs.  W.  B.  Scott,  R.  W. 
Shufeldt,  C.  H.  Sinclair,  A.  Stewart,  C.  Walcott,  S.  W.  Williston. 

Comparative  sttidy  of  the  gross  anatomy  of  various  organic  systems 
of  various  vertebrates  has  been  made  by  the  following:  H.  Allen,  E.  P. 
Allis,  H.  Ayres,  F.  Baker,  J.  L.  Bremer,  A.  L.  Bnmer,  C.  Carmalt,  E.  J. 
Claypole,  C.  B.  Davenport,  F.  K.  Davis,  A.  Davidson,  B.  Dean.  F.  Der- 
cum.  F.  Dexter.  C.  L.  Edwards,  C.  H.  Eigenmann,  S.  H.  Gage,  T.  H. 
Gill,  W.  A.  Hilton,  Ida  Hyde.  G.  S.  Hopkins,  G.  S.  Huntington,  C.  M. 
Jackson,  H.  Jayne.  G.  E.  Johnson.  J.  S.  Kingsley,  H.  M.  Lane.  C.  F.  W. 
McClure,  J.  P.  McMurrich,  W.  S.  Miller.  R.  O.  Moody,  E.  S.  Morse,  E.  F. 
Muhse,  Florence  Mayo,  G.  H.  Parker,  W.  E.  Rifter,  F.  J.  Shephard,  J.  R, 
Slonaker,  F.  Smith.  C.  F.  Sylvester.  F.  W.  True,  H.  H.  Wilder,  S.  R. 
Williams.  I.  S.  Workman. 

Contributions  to  comparative  neurology-  are  spoken  of  specially  in 
note  44,  p.  2D2. 

The  following  Americans  have  added  to  our  knowledge  of  the  micro- 
scopic structure  of  vertebrate  organs:  R.  R.  Andrews,  C.  R.  Bardeen, 
R.  R.  Bensley.  W.  J.  Calvert,  B.  A.  Cohoe,  Lydla  M.  DeWitt,  G.  Eisen, 
J.  M.  Flint,  S.  H.  Gage,  H.  R.  Harrington,  W.  F.  Hendrickson,  G.  S. 
Hopkins,  G.  L.  Houser.  G.  C.  Huber.  B.  F.  Kingsbury,  P.  Kyes,  F.  P. 
Mall,  W.  S.  Miller.  C.  S.  Minot,  T.  W.  Montgomery,  E.  L.  Opie.  R.  M. 
Pearce,  D.  G.  Revell,  F.  Schmitter,  G.  Walker,  A.  S.  Warthin,  F.  G. 
White.     For  text-books  on  this  subject  see  note  41. 

(See  coHcluding  paragraph,  note  39,  p.  197.) 


4L    (p.   110).     COMPARATIVE   HISTOLOGY. 

T.  E.  Satterthwaite  in  1S82  edited  a  good  manual  of  histology  by 
American  authors.  References  to  American  literature  are  here  given. 
T.  C.  Prudden  (1888).  G.  A.  Piersol  (1893),  and  E.  K.  Dunham  (1900), 
have  successfully  written  popular  text-books  on  this  subject.  J.  S. 
Ferguson  has  recently  brought  out  another  (1905).  J.  B.  MacCallum 
(1902)  has  translated  with  annotations  the  Histology  and  ilicroscopic 
Anatomy  written  by  L.  Szmonowicz,  and  G.  C.  Huber  (2nd  ed.,  1904), 
that  of  Boehm  and  von  Davidoff.  S.  H.  Ga^e  and  B.  F.  Kingsbury  have 
published  a  laboratory  guide  for  vertebrate  histology'  (1900). 

Among  the  many  contributions  on  the  subject  of  the   structure  of 
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vertebrate  tissues  may  be  mentioned  ttiose  of:  A.  Agassiz,  B.  M.  Allen, 
R.  R.  Andrews,  C.  R.  Bardeen,  L.  F.  Barlcer,  H.  R  Bowditch,  R.  H. 
Chittenden,  G.  Eisen,  A.  C.  Eycleshymer,  J.  M.  Flint,  S.  H.  Gage,  S.  P. 
Gage,  I.  M.  Green.  C.  Heitzmann,  A.  E.  Hertzler,  W.  H.  Howell,  G.  C. 
Huber,  A.  B.  Macallum,  J.  B.  MacCallum,  W.  G.  MacCallum,  F.  P.  Mall, 
W.  S.  Miller,  C.  S.  Minot,  W.  Osier,  J.  A.  Ryder,  H.  D.  Schmidt,  A.  P. 
Matthews,  C.  Sihler,  F.  Schmitter,  T.  E.  Satterthwaite,  W.  H.  Welch, 
and  M.  C.  White. 

Those  who  have  contributed  to  the  histology  of  the  nervous  system 
are  mentioned  in  Note  44,  p.  202. 

There  have  been  fewer  real  contributions  to  microscopic  technique 
than  would  have  been  expected  from  a  nation  so  inventive  as  the  Amer- 
ican. Text-books  on  histological  technique  have  been  written  by  I. 
Hardesty,  C.  O.  Whitman.  S.  H.  Gage,  and  others.  A  number  of  more 
or  less  useful  technical  methods  and  devices  have  been  brought  out  by 
the  following  workers:  C.  R.  Bardeen,  H.  J.  Berkeley,  C.  E.  Bessey, 
H.  C.  Bumpus,  T.  Cullen,  U.  O.  Cox,  A.  C.  Eycleshymer,  J.  M.  Flint,  G.  C. 
Freeborn,  S.  H.  Gage,  H.  R.  Gaylord,  I.  Van  Gieson,  I.  Hardesty,  A.  F. 
Harris,  C.  J.  Herrick,  A.  G.  Hoen,  G.  C.  Huber,  P.  M.  MacFarland,  F.  B. 
Mallory,  A.  Meyer,  C.  S.  Minot,  V.  A.  Moore,  B.  D.  Myers,  C.  A.  Oliver, 
G.  H.  Parker,  J.  W.  Roosevelt,  C.  Sihler,  J.  R.  Slonaker,  G.  L.  Streeter, 
R.  Tolles,  J.  C.  Webster,  W.  F.  Whitney,  W.  M.  Mac  Woodworth,  J.  H. 
Wright. 

(See  concluding  paragraph,  Note  39,  p.  197.) 


■       42,   (p.  111).     CYTOLOGY. 

The  American  literature  on  the  cell  is  well  treated  in  Wilson's  text- 
book, 'The  Cell  in  Development  and  Inheritance"  (1900). 

Of  those  who  have  contributed  papers  on  the  more  general  features 
of  the  cell  and  the  cell  theory  of  structure,  mention  may  be  made  of 
E.  A.  Andrews,  G.  F.  Andrews,  G.  N.  Calkins,  C.  M.  Child,  E.  G.  Conklin, 
H.  E.  Crampton.  L.  I.  Dublin,  A.  C.  Eycleshymer,  K.  Foot,  M.  F.  Guyer, 
H.  P.  Johnson,  B.  F.  Kingsbury,  A.  A.  Lawson,  F.  R.  Lillie,  R.  S.  Lillie, 
A.  B.  MacCallum,  E.  L.  Mark,  A.  P.  Matthews,  C.  E.  McClung,  A.  D. 
Mead,  C.  S.  Minot.  T.  H.  Montgomery,  T.  H.  Morgan,  W.  S.  Sutton,  C.  O. 
Whitman,  and  E.  B.  Wilson. 

C.  Heitzmann  and  C.  O.  Whitman  have  contended  strongly  against 
the  adequacy  of  the  cell  theory  of  development. 

The  following  botanists  have  made  important  contributions  to  the 
knowledge  of  the  structure  of  planr  cells  and  especially  of  cell  divi- 
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sion:  C.  E.  Allen.  F.  M.  Andrews,  G.  F.  Atkinson,  D.  H.  Campbell, 
W.  A.  Cannan.  C.  J.  Chamberlain,  B.  M.  Davis,  T.  C.  Frye,  B.  B.  Griffin, 
R.  A.  Harper,  D.  S.  Johnson,  A.  A.  Lawson,  F.  M.  Lyon,  D.  il.  Mottier, 
W.  J.  V.  Osterhout,  J.  B.  Overton.  E.  W.  Olive,  W.  A.  Setchell,  J.  H. 
Shaffner,  F.  L.  Stevens.  R.  Thaxter.  C.  0.  Townsend,  and  H.  J.  Webber. 
(See  concluding  paragraph,  note  39.  p.  197.) 


43,  (p.  111).  EMBRYOLOGY  OF  VERTEBRATES. 

Several  text-books  have  been  written  on  this  subject  by  Americans. 
Foremost  stands  C.  S.  Minot's  "Human  Embryology"  (1892),  which  is 
essentially  a  treatise  on  comparative  vertebrate  embryology'.  Minot's 
"Bibliography  of  Vertebrate  Embryology"  (1893),  is  also  of  the  greatest 
help  to  workers  in  that  field.  Minot  has  recently  (1903)  ptiblished  a 
'"Laboratory  Text-book  of  Embryology."  based  on  the  pig.  J.  P.  ;Mc- 
Murrich  (1903)  has  written  a  good  text-book  on  ""Human  Embryology,' 
from  the  standpoint  of  comparative  anatomy.  E.  L.  ;Mark  (1893)  has 
translated  Hertwig's  •"Embryology."  J.  C.  Heisler  (1899)  has  written 
a  text-book  on  'Human  Embryology-.  "  T.  H.  Morgan  has  published  a 
valuable  book  on  the  "Development  of  the  Frog's  Egg"  (1897).  E.  B. 
Wilson's  '"The  Cell"  contains  much  information  about  the  sex-cells  and 
fertilization.  The  atlas  of  the  fertilization  and  karyokinesis  of  the 
ovum  by  Wilson  and  Leaming  is  a  fine  contribution.  F.  R.  Lillie 
(1904)  has  written  a  useful  laboratory  outline  guide  on  the  embryology 
of  the  chick  and  pig.  A.  M.  Reese  has  likewise  written  a  college  text- 
book on  vertebrate  embryology-. 

Among  those  who  have  contributed  to  the  subject  of  formation  of  the 
sex-cells,  fertilization  and  cleavage  in  animals  are:  A.  Agassiz.  L.  Agas- 
siz,  E.  A.  Andrews.  G.  F.  Andrews,  F.  W.  Bancroft.  E.  R.  Boyer.  E.  W. 
MacBride.  Martha  Bunting.  G.  X.  Calkins,  A.  J.  Carlson.  W.  E.  Castle,  C. 
M.  Child.  E.  G.  Conklin.  A.  M.  Claypole.  L.  Dublin.  C.  H.  Eigenmann.  G. 
Eisen.  A.  C.  Eycleshymer,  G.  W.  Field,  K.  Foot,  M.  F.  Guyer,  C.  W. 
Hargitt.  B.  X.  Harper.  E.  H.  Harper  F.  H.  Herfick.  M.  Hold,  H.  S.  Jen- 
nings, H.  B.  Johnson.  E.  O.  Jordan.  H.  D.  King.  B.  F.  Kingsbury,  J.  S. 
Kingsley.  C.  A.  Kofoid,  T.  G.  Lee,  G.  Lefevre,  F.  R.  Lillie.  C.  E.  Me- 
Clung.  J.  H.  MacGregor.  W.  A.  MacFarland,  E.  L.  :Mark.  A.  D.  Mead. 
C.  S.  Minot.  W.  H.  Moenkhaus,  T.  H.  Montgomery.  J.  P.  Moore.  T.  H. 
Morgan.  J.  P.  Munson.  H.  F.  Osborn.  E.  F.  Phillips.  A.  M.  Reese,  J.  A. 
Ryder,  J.  E.  Reighard.  W.  B.  Scott.  E.  G.  Spaulding,  W.  S.  Sutton,  S. 
Watase.  A.  W.  Weyse.  W.  M.  TMieeler.  R.  G.  Whitehead.  C  O.  Whitman. 
E.  V.  Wilcox.  C.  B.  Wilson,  H.  V.  Wilson.  F.  A.  Woods,  and  X.  Y'atsu. 
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Among  those  who  have  contributed  papers  on  specific  characteristic 
structural  differentiation  in  various  classes  of  vertebrates  are:  A.  Agas- 
siz,  K  Agassiz,  H.  Allen,  C.  M.  Ciapp,  H.  J.  Clark,  S.  F.  Clarke,  B.  Dean, 
C.  H.  Eigenmann,  A.  C.  Eycleshymer,  H.  Fox,  E.  H.  Gregory,  Jr.,  E.  O. 
Jordan,  P.  P  Hoy,  W.  E.  Kellicott,  J.  S.  Kingsley,  F.  D.  Lambert,  F.  R. 
Llllie,  E.  W.  MacBride,  J.  H.  McGregor,  E.  L.  Mark,  T.  H.  Morgan,  H. 
Orr,  F.  Peebles,  J.  E.  Reighard,  H.  J.  Rice,  W.  H.  Ritter,  J.  A.  Ryder, 
L.  V.  Sampson,  W.  B.  Scott,  F.  B.  Summer,  L.  Wallace,  C.  O.  Whitman, 
S.  R.  Williams,  H.  V.  Wilson,  J.  Wyman. 

The  foetal  membranes  have  been  studied  among  others  by:  H.  Ayres, 
T.  G.  Lee,  F.  R.  Lillie,  F.  P.  Mall,  C.  S.  Minot,  H.  F.  Osborn,  and  J.  A. 
Ryder. 

Among  those  who  have  contributed  to  the  study  of  comparative  verte- 
brate organo-genesis  and  histogenesis  are:  B.  M.  Allen,  H.  Ayres, 
C.  R.  Bardeen,  J.  M.  Berry,  E.  R.  Boyer,  J.  L.  Bremer,  W.  K.  Brooks, 
J.  G.  Clark,  S.  F.  Clarke,  H.  E.  Crampton,  A.  Davidson,  F.  Dexter,  A.  C. 
Eycleshymer,  C.  H.  Eigenmann,  H.  H.  Field,  J.  M.  Flint,  H.  Fox,  S.  H. 
Gage,  S.  P.  Gage,  R.  W.  Hall,  R.  G.  Harrison,  M.  Hempstead,  W.  F. 
Hendrickson,  C.  Hill,  D.  C.  Hilton,  W.  A.  Hilton,  A.  T.  Holbrook,  0.  P. 
Hay,  W.  H.  Howell,  G.  C.  Huber,  D.  Hunt,  C.  M.  Jackson,  J.  B.  Johnson, 
E.  O.  Jordan,  J.  S.  Kingsley,  A.  B.  Lamb,  F.  T.  Lewis,  F.  R.  Lillie,  E.  W. 
MacBride,  J.  B.  MacCallum,  F.  P.  Mall,  A.  M.  Miller,  W.  S.  Miller,  C.  S. 
Minot,  T.  H.  Morgan,  H.  V.  Neal,  H.  W.  Norris,  H.  F.  Osborn,  G.  H. 
Parker,  F.  Peebles,  G.  A.  Piersol,  J.  B.  Piatt,  G.  C.  Price,  M.  A.  Reed, 
R.  M.  Reese,  M.  J.  Ross,  J.  A.  Ryder,  F.  R.  Sabin,  L.  V.  Sampson,  T.  E. 
Satterthwaite,  H.  Sewell,  A.  M.  Spurgon,  R.  M.  Strong,  E.  Taylor,  G.  H. 
Tozier,  A.  H.  Tuttle,  J.  Warren,  R.  G.  Whitehead,  and  H.  V.  Wilson, 

(See  concluding  paragraph,  Note  38,  p.  197.) 


44,   (p.  112).     COMPARATIVE  NEUROLOGY. 

Text-books  dealing  with  the  comparative  anatomy  of  the  nervous  sys- 
tem have  been  written  by  H.  H.  Donaldson,  "The  Growth  of  the  Brain" 
(1895),  and  L.  F.  Barker,  "The  Nervous  System"  (1899). 

The  following  have  contributed  articles  relating  to  the  comparative 
gross  and  microscopic  anatomy  and  development  of  the  central  nervous 
system  of  vertebrates:  H.  Ayers,  Jessie  Allen,  W.  S.  Baer,  W.  Barnes, 
J.  H.  Bawden.  Brill,  W.  P.  Carr,  B.  Clark,  T.  E.  Clarke,  H.  C.  Chapman, 
S.  V.  Cleavenger,  G.  C.  Davenport,  P.  M.  Dawson,  F.  Dexter,  H.  H.  Don- 
aldson, A.  C.  Eycleshymer,  P.  A.  Fish,  Alice  Hamilton,  G.  M.  Hammond, 
C.  J.  Herrick,  C.  L.  Herrick,  J.   B.  Johnston,  B.   F.  Kingsbury,   J.   S. 
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Kingsley,  W.  W.  Lesem,  W.  A.  Locy,  J.  Loeb,  S.  D.  Ludlum,  H.  T.  Mar- 
shall, J.  J.  Mason,  F.  W.  McClure,  E.  L.  Melius,  A.  Meyer,  H.  V.  Neal, 
I.  Xakagawa,  H.  F.  Osborn,  Pemberton,  W.  F.  Porter,  E.  E.  Ranney, 
S.  W.  Ranson,  P.  E.  Sargent,  E.  A.  Spitzka,  E.  C.  Spitzka,  B.  B.  Stroud, 
E.  A.  Taylor,  B.  G.  Wilder. 

The  following  have  written  papers  on  the  structure,  distribution 
and  development  of  the  peripheral  nervous  system:  W.  C.  Ayres,  C.  R. 
Bardeen,  E.  A.  Birge,  M.  A.  Bowers,  H.  E.  Cogher,  Lydia  M.  DeWitt, 
E.  H.  Dunn,  H.  Fox,  H.  A.  Green,  R.  G.  Harrison,  C.  J.  Herrick,  W.  H. 
Howell,  G.  C.  Huher,  G.  L.  Houser,  J.  S.  Kingsley,  A.  J.  Lanterman, 
W.  A.  Locy,  H.  V.  Neal,  C.  W.  Prentiss,  J.  J.  Putnam,  H.  D.  Schmidt, 
T.  B.  Spence,  G.  L.  Streeter,  O.  S.  Strong,  T.  B.  Stowell  and  F.  C.  Waite. 

The  following  have  studied  more  particularly  the  finer  structure  of 
the  nerve  cell:  L.  F.  Barker,  H.  J.  Berkley,  U.  Dahlgren,  I.  Herdesty, 
S.  Hatai.  C.  F.  Hodge,  G.  L.  Houser,  G.  C.  Huber,  C.  F.  W.  McClure, 

A.  Meyer,  F.  B.  Mallory,  Margaret  L.  Nickerson,  S.  Baton,  W.  C.  Pren- 
tiss, P.  Sargent,  M.  Allen  Starr  and  O.  S.  Strong. 

The  following  have  contributed  to  the  knowledge  of  nerve  endings: 
E.  P.  Allis,  Jr.,  H.  J.  Berkley,  F.  S.  Bunker,  G.  E.  Coghill,  L.  M.  DeWitt, 
G.  C.  Huber,  M.  L.  Xickerson,  C.  Sihler,  A.  L.  Treadwell,  and  J.  H. 
Wilson. 

The  following  have  studied  the  finer  structure  of  the  eye:  B.  M. 
Allen,  W.  C.  Ayers,  E.  L.  Berger,  C.  H.  Eigenmann,  D.  Hunt,  F.  P.  Mall, 

B.  D.  Myers,  G.  A.  Piersol,  R.  L.  Randolph,  J.  R.  Slonaker. 

The  following  have  studied  the  comparative  anatomy  and  the  devel- 
opment of  the  ear:  H.  Ayers,  L.  Howe,  D.  Hunt,  J.  S.  Kingsley,  F.  P. 
JIall,  A.  D.  Morrill,  H.  W.  Xorris,  G.  E.  Shambaugh,  T.  B.  Spence,  A.  H. 
Tuttle. 

The  following  have  contributed  papers  on  the  organs  of  smell  and 
taste:    H.  H.  Bav.-den,  A.  Hamilton,  and  F.  Tuckerman. 

The  following  have  written  on  neurological  technique;  H.  J.  Berk- 
ley, I.  Van  Gieson,  I.  Hardesty,  C.  J.  Herrick,  G.  L.  Houser,  G.  C.  Huber, 
and  F.  B.  Mallorj-. 

(See  concluding  paragraph,  Note  39,  p.  197.) 


45.  (p.  113).  EXPERIMENTAL  MORPHOLOGY. 

C.  B.  Davenport  has  written  a  text-book  on  "Experimental  Mor- 
phology" (1897-99),  J.  Loeb,  one  on  physiological  morphology  (1891-2), 
and  T.  H.  Morgan,  one  on  "Regeneration"  (1901). 

Experimental  studies  on  the  formative  capacity  of  various  parts  of 
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the  ovum  have  been,  conducted  by:  E.  G.  Conklin,  H.  E.  Crampton, 
F.  R.  Lillie,  J.  Loeb,  T.  H.  Morgan,  F.  Peebles,  E.  B.  "Wilson,  N.  Yatsu, 
and  C.  Zeleny. 

The  power  of  regeneration  in  invertebrates  and  the  factors  con- 
cerned have  been  investigated  by:  C.  R.  Bardeen,  E.  E.  Bickford, 
A.  M.  Boring,  C.  M.  Child,  W.  C.  Curtis,  C.  B.  Davenport,  S.  E.  Davis, 

5.  Flexner,  G.  L.  Hargitt,  C.  W.  Hargitt,  A.  P.  Hazen,  V.  L.  Kellogg, 
H.  D.  King,  G.  Lefevre,  F.  R.  Lillie,  J.  Loeb,  T.  H.  Morgan,  F.  Peebles, 
H.  W.  Rand,  H.  Randolph,  M.  A.  Reed,  H.  T.  Rowley,  N.  M.  Stevens, 
H.  F.  Thatcher,  E.  W.  Towle,  J.  Van  Duyne,  C.  O.  Whitman,  E.  B. 
Wilson,  C.  Zeleny. 

The  effects  of  altering  the  chemical  media  surrounding  ova  have 
been  studied  by:  G.  Bullot,  C.  B.  Davenport,  G.  C.  Davenport,  M.  H. 
Fisher,  S.  J.  Hunter,  G.  Lefevre,  W.  H.  Lewis.  F.  R.  Lillie.  R.  S.  Lillie, 
J.  Loeb,  A.  P.  Mathews,  W.  W.  Norman,  A.  L.  Treadwell. 

The  effects  of  physical  agents  acting  on  developing  organisms,  by: 
C.  R.  Bardeen,  H.  Baetjer,  C.  B.  Davenport,  C.  L.  Edwards,  P.  S.  Gil- 
man.  A.  W.  Greeley,  J.  Loeb,  S.  J.  Meltzer. 

Regeneration  in  vertebrates  has  been  studied  by:  Baer,  Dawson 
and  Marshall,  E.  F.  Byrnes.  H.  C.  Gushing.  R.  G.  Harrison,  W.  H. 
Howell  and  G.  C.  Huber,  W.  H.  Lewis,  F.  P.  INIall  T.  H.  Morgan,  R.  L. 
Randolph.  S.  W.  Rauson  and  E.  W.  Towle. 

The  effects  of  transplantation  of  tissues  and  grafting  in  vertebrates 
have  been  studied  by:  R.  G.  Harrison,  H.  McE.  Knower,  W.  H.  Lewis, 
L.  Loeb,  F.  P.  Mall,  T.  H.  Morgan,  R.  T.  Morris,  G.  F.  Shrady,  W.  H. 
White. 

The  effects  of  physiological  activity  on  cell  structure  have  been  in- 
vestigated by:  A.  J.  Carlson,  P.  K.  Gilman,  and  C.  F.  Hodge.  The 
effects  of  starvation  on  the  developing  nervous  systein  of  the  rat  have 
been  studied  by  H.  Hatai.  and  the  effects  of  special  feeding,  exercise 
and  similar  phenomena  are  now  being  studied  in  Professor  Donald- 
son's laboratory.      (See  H.  Donaldson.  Human  Anatomy.  Science.  Feb. 

6.  1905.) 

(See  concluding  paragraph.  Note  39.  p.  197.) 

46.   (p.  116).     VARLA.TION. 

C.  B.  Davenport  (2d  ed.,  1904)  has  published  a  valuable  book  on 
statistical  methods. 

Statistical  studies  of  variation  in  animals  have  been  made  by:  C.  C. 
Adams.  E.  T.  Brewster.  H.  C.  Bumpus.  W.  E.  Castle.  H.  E.  Crampton, 
C.  B.  Davenport.  G.  C.  Davenport,  C  H.  Eigenmann.  W.  L.  W.  Field.  F.  E. 
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Lutz,  W.  J.  Moenkhaus,  G.  H.  Parker,  J.  T.  Peck,  M.  E.   Smallwood, 
R.  M.  Strong,  C  0.  Whitman,  S.  R..  Williams,  and  R.  M.  Yerkes. 

Breeding  experiments  on  a  large  scale  have  been  conducted  by: 
A.  G.  Bell,  W.  E.  Castle,  H.  E.  Crampton,  C.  B.  Davenport,  Isabel  Mc- 
Cracken,  W.  L.  Tower,  and  C.  0.  Whitman. 

In  addition  many  valuable  studies  of  breeding  in  its  practical  aspect 
have  been  carried  on  at  the  experimental  laboratories  of  the  agricul- 
ture stations. 

(See  concluding  paragraph,  Note  39,  p.  197.) 
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THE  JOINT  SYSTEM  IN  THE  ROCKS  OF  SOUTHWEST- 
ERN WISCONSIN,  AND  ITS  RELATION  TO  THE 
DRAINAGE  NETWORK 


PART  I. 
THE  JOINT  SYSTEM. 


GEOLOGICAL  FORMATIONS   OF'   SOUTHERN   WISCONSIN. 

The  work  described  in  the  following'  paper  consisted  in  the 
study  of  joints  and  joint  directions  in  three  main  areas  in  south- 
western Wisconsin,  and  a  number  of  minor  ones  scattered  over 
the  southern  part  of  Wisconsin  and  the  northern  part  of  Illinois. 
The  main  areas  are  those  around  Richland  Center,  Richland 
County;  Prairie  du  Chien,  Crawford  County;  and  Potosi,  Grant 
County;  while  the  minor  ones  are  in  the  vicinities  of  Galena, 
Mineral  Point,  Milwaukee,  Madison,  Devils  Lake,  and  Iron 
Ridge.  Maps  were  prepared  for  the  main  districts  to  show  the 
chief  drainage  lines  and  the  principal  joint  directions  in  the  dif- 
ferent portions.  Of  the  minor  districts  only  summaries  of  joint 
directions  will  be  given. 

In  all  the  areas  except  that  of  Devils  Lake  the  rocks  are  nearly 
flat  lying,  little  metamorphosed  sediments  of  the  Paleozoic.  These 
are  dominantly  limestone  with  some  sandstone  and  a  few  shales. 
The  area  around  Devils  Lake  is  mainly  occupied  by  much  folded 
and  metamorphosed  Pre-Cambrian  quartzites. 
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The  rocks  of  Southern  \Mscons:n  range  in  age  from  the 
Archean  to  the  Devonian  with  the  following  succession: 

Devonian — Hamilton  limestone. 
Helderberg  limestone. 

Silurian — Niagara  limestone. 

Ordivician — Hudson  River  shale. 
Galena  limestone. 
Trenton  limestone. 
St.   Peter  sandstone. 
Lower  Magnesian  limestone. 

Cambrian — Potsdam  sandstone. 

Algonkian — Freedom  iron  formation. 
Seeley  slate. 
Baraboo  quartzite. 

Archean — Granite  and  porphyry. 

All  of  the  foregoing  formations  except  the  Hudson  River  shale, 
Freedom  iron  formation,  Seeley  slate,  and  Archean  granite  and 
porphyry,  give  good  outcrops  from  which  reliable  jointing  direc- 
tions can  be  procured.  Of  the  above  four,  the  first  and  last  give 
only  a  few  exposures,  and  those  very  poor,  and  the  second  and 
third  are  not  exposed. 

The  Archean  granite  and  porphyry  are  exposed  in  a  few  out- 
crops around  the  Baraboo  syncline.  They  are  immediately  be- 
low the  Baraboo  quartzite  and  are  exposed  only  at  points  where 
the  drift  does  not  cover  the  base  of  the  quartzite.  The  outcrops 
are  ver}'  small  and  the  joints  irregular  and  unreliable. 

The  Baraboo  quartzite  constitutes  the  entire  mass  of  the  Bara- 
boo ranges  along  which  it  is  exposed  ever}'where  in  nearly  ver- 
tical cliffs  with  talus  slopes.  Its  joints  are  clear  and  well  defined 
both  in  form  and  direction,  and  are  to  a  very  large  extent  nearly 
vertical.  The  joint  faces  and  square  blocks  are  present  every- 
where along  the  base  of  the  cliff. 

Potsdam  sandstone  is  a  basal  sedimentary  rock  of  most  of 
southern  Wisconsin.  It  is  exposed  in  the  valleys  of  all  the  larger 
rivers  north  of  the  Wisconsin  and  also  for  a  small  distance  south 
of  it.  In  the  Richland  Center  area  the  Potsdam  is  exposed  mainly 
in  cliffs,  either  at  the  sides  of  the  streams  or  on  top  of  the  ridges 
between  the  valleys.  IMost  of  the  exposures  may  be  classed  with 
one  of  two  hard  beds,  an  upper  and  a  lower.     The  upper  bed  is 
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exposed  in  the  cliffs  on  the  ridges  and  rises  higher  above  the  val- 
ley floor  as  we  proceed  northward.  About  five  miles  north  of 
the  \\'isconsin  river  the  lower  bed  appears,  forming  cliffs  on  the 
river  banks.  This  layer  also  rises  gradually  as  we  proceed  toward 
the  north,  and  at  the  northern  limit  of  the  map  forms  cliffs  from 
twenty  to  thirty  feet  in  height.  Between  these  two  hard  layers 
there  are  softer  calcareous  and  shaly  layers  which  are  rarely 
exposed  except  in  quarries.  In  the  Prairie  du  Chien  dsitrict  the 
Potsdam  is  exposed  only  in  the  basal  cliffs  bordering  the  Mis- 
sissippi flood  plain.  These  are  best  seen  on  the  Iowa  side,  for 
the  river,  being  present  there,  has  cut  into  the  flood  plain. 

The  joints  of  the  natural  exposures  of  the  Potsdam  are  rather 
imperfect  in  form  due  to  the  weathering  of  the  friable  sandstone. 
In  the  fresh  exposures  such  as  quarries  the  joints  are  sharp  and 
well  defined.  All  the  joints  of  the  Potsdam  are  quite  constant 
in  their  direction  and  a  large  majority  of  them  are  vertical. 

The  Lower  ISIagnesian  is  exposed  in  most  parts  of  southwestern 
Wisconsin.  It  is  found  in  the  bottom  of  the  larger  valleys  in 
the  southern  part  and  grades  upward  as  we  go  north  until  it  oc- 
cupies the  top  of  the  ridges  in  the  region  north  of  the  Wisconsin 
river.  In  the  Richland  Center  district  the  Lower  ]\Iagnesian  is 
found  as  a  cap  rock  of  the  interstream  ridges.  It  disappears  en- 
tirely in  the  northern  part  of  the  district.  In  the  Prairie  du 
Chien  district  it  forms  the  main  part  of  the  bluffs,  and  cliffs  of 
it  are  found  everywhere  along  the  bluffs  of  the  ^lississippi  and 
its  side  streams.  It  is  also  exposed  in  the  beds  of  most  of  the 
minor  streams.  In  the  Potosi  district  the  Lower  Magnesian  is 
exposed  only  in  the  valleys  of  the  larger  streams  and  at  the  very 
base  of  the  hills  bordering  them. 

The  joints  of  the  Lower  ]\Iagnesian  are  in  many  places  very 
imperfect  in  form,  due  to  numerous  concretions.  In  a  few  hori- 
zons, however,  where  the  rock  is  un'formly  fine  textured  and  free 
from  concretions,  it  yields  ver}-  perfect  joint  faces. 

The  St.  Peter  sandstone  is  exposed  to  some  extent  all  over 
southwestern  Wisconsin,  but  rapidly  dies  out  north  of  the  Wis- 
consin river.  In  the  Richland  Center  district  it  is  found  only  on 
the  highest  divides  and  is  there  exposed  in  cliffs  at  the  head- 
waters of  small  tributaries.  In  the  Prairie  du  Chien  district  it 
is  generally  exposed  in  a  line  of  low  cliffs  bordering  the  Missis- 
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sippi  and  the  lower  courses  of  its  minor  branches.  It  is  also  ex- 
posed in  the  beds  of  nearly  all  of  the  streams  some  distance  above 
the  underlying  limestone  outcrops.  In  the  Potosi  district  the 
St.  Peter  is  exposed  in  cliffs  along  the  sides  of  the  river  valleys. 
These  outcrops  grade  upward  as  one  goes  northward  but  over 
most  of  the  area  they  are  near  the  bottom  of  the  ridges. 

The  joints  in  this  formation  are  generally  well  defined  although 
not  perfect.  A  feature  which  distinguishes  them  from  the  joints 
of  all  the  other  formations  is  their  inclination — a  large  number  of 
them  dipping  at  angles  of  io°  to  30°with  the  vertical,  while  the 
great  majority  of  the  other  joints  are  nearly  or  quite  vertical. 
There  also  seems  to  be  here  a  preponderance  of  joints  trending 
in  one  or  two  directions  and  these  are  generally  spaced  at 
regular  intervals.  The  form  and  character  of  the  joints  them- 
selves are  very  much  like  those  of  the  Potsdam. 

The  Trenton  limestone  is  exposed  very  abundantly  south  of  the 
Wisconsin  river,  but  is  also  found  north  of  it  near  its  juncticai 
with  the  Mississippi.  In  the  Prairie  du  Chien  district  it  is  found, 
together  with  some  Galena  limestone,  as  a  cap  rock  of  the  entire 
up-country,  and  is  exposed  at  the  headwaters  of  all  the  streams 
but  is  rarely  exposed  on  the  bluffs.  Around  Potosi  it  is  found  in 
much  the  same  way.  except  that  here  't  has  a  thicker  capping 
of  Galena  above  it. 

The  Galena  limestone  is  the  cap-rock  of  the  entire  region  south 
of  the  Wisconsin  river  except  in  the  few  areas  where  the  mounds 
rise  above  the  surrounding  country.  It  is  exposed  in  the  stream 
beds  like  the  Trenton,  but  also,  on  account  of  a  thick  flinty  layer 
in  its  upper  horizon,  forms  high  cliffs  on  the  top  of  the  bluffs 
bordering  the  Mississippi  and  its  branches. 

The  joints  of  the  above  limestones  are  the  most  perfect  in  the 
entire  region.  Those  of  the  Quarry  beds  at  the  base  of  the  Tren- 
ton are  especially  sharp  and  well  defined  and  can  often  be  meas- 
ured within  a  degree.  These  joints,  as  is  true  of  other  limestone 
joints,  are  vertical  almost  without  exception.  (Plates  II,  III, 
and  IV.) 

The  Hudson  river  shale  is  present  near  the  summits  of  the 
mounds  which  are  found  in  many  parts  of  the  driftless  area  in 
Wisconsin,  Illinois,  and  Iowa.  It  is  exposed  in  only  a  few  places 
and  was  not  present  in  any  of  the  districts  studied. 
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The  Niagara  is  found  at  the  summit  of  most  of  the  mounds 
and  also  occupies  a  wide  strip  of  country  along  the  eastern  side 
of  the  state.  In  the  latter  area  it  is  covered  with  glacial  drift 
and  is  rarely  exposed  except  in  quarries.  Along  Lake  Winne- 
bago and  southward,  however,  its  western  boundary  forms  an 
escarpment  due  to  the  rapid  erosion  of  the  underlying  shale. 

Its  joints  are  the  most  perfect  ones  found  in  any  of  the  dis- 
tricts, and  could  be  studied  to  some  advantage  because  the  ex- 
posures were  immense  quarries.  IMost  of  them  ran  for  long  dis- 
tances without  changing  their  courses  in  either  direction,  and 
the  faces  formed  by  them  were  smooth  and  vertical.  In  one  or 
two  cases  however,  a  peculiar  phenomenon  was  obserA^ed,  namely, 
the  joints  were  cur\'ed  instead  of  straight.  One  case  in  particu- 
lar was  noticed  where  a  joint  swung  in  a  gentle  curve  from 
N  75°  W  to  N  88°  E.  These  curved  joints  are  not  generally 
characteristic  of  the  Niagara,  but  are  unusual  phenomena  such 
as  have  been  observed  elsewhere  by  Russell,  Gilbert,  and 
others. 

The  Helderberg  limestone  is  exposed  in  a  few  places  north- 
west of  Milwaukee.  It  is  a  thin  bedded  shaly  rock,  but  its  joints 
are  poor  and  irregular  and  they  are  hardly  distinguishable  from 
other  fractures. 

The  Hamilton  limestone  is  exposed  in  the  cement  quarries  north 
of  ^lihvaukee.  Its  joints  are  sharp  and  distinct  but  very  few 
in  number.  This  scarcity  is  true  both  of  the  different  joint  series 
and  of  the  total  number  of  joints. 

Observations  were  taken  in  all  of  the  above  described  forma- 
tions except  the  Archean  granite  and  porphyry  and  the  Hudson 
river  shale.  Exposures  of  the  former  were  too  small  to  yield 
reliable  data,  while  exposures  of  the  latter  were  not  present  in 
the  areas  studied. 

PREVIOUS   WORK. 

Joint  Directions. — Perhaps  the  earliest  work  on  the  joint  direc- 
tions of  southwestern  Wisconsin  was  done  by  James  G.  PercivaP 
about  1854.  He  gives  the  principal  crevice  directions  in  each  of 
the  main  diggings,  that  of  the  Potosi  area  being  given  as  E  20°  S 
(N7o°  W). 


*  Ann.  Rep.  of  the  Geol.  Survev  of  Wis..  1855. 
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After  1860  J.  D.  Whitney-  took  up  the  work  in  the  lead 
region,  and  during  his  investigat'on  he  found  the  directions  of 
the  crevices  in  each  of  the  mines.     He  says : 

"Each  group  of  diggings  is  in  general  characterized  by  main  lead 
bearing  crevices  in  each  district  being  nearly  parallel  with  each  other. 
*  *  *  There  is  everywhere  a  tendency  to  the  formation  of  two  sets 
of  crevices  nearly  at  right  angles  to  each  other,  but  of  which  only  one 
set  is  productive  in  ore,  the  other  set  being  mere  seams  or  cracks  in 
the  strata.  *  *  *  There  is  a  close  approximation  throughout  a 
large  portion  of  the  lead  region  to  an  east  and  west  and  north  and 
south  direction  in  the  two  principal  sets  of  crevices,  and  farther  the 
east  and  west  crevices  are  the  main  productive  lead  bearing  crevices." 

In  another  place  he  gives  the  main  crevice  directions  in  the 
different  diggings  of  the  Potosi  area.^ 

Rockville  and  British  Hollow  Diggings:  N  76°  W,  N  66°  W,  N  87° 
W.  N  78°  W  (2),  N  0°  W,  N  80°  W,  N  30°  E,  N  80°  E. 

Potosi  Diggings:  N  69°  W  (2),  N  84°  W,  N  71°  W,  N  61°  W,  N 
63°  W  (2),  N  82°  W,  N  60°  W,  N  68°  W,  N  65°  W  (4),  N  67°  W  (3), 
N  66°  W,  N  55°  W  (3),  N  70°  W  (3). 

Red  Dog  Diggings:     N  70°  W,  N  90°  W. 

Pin  Hook  Diggings:     N  75°  W  (4),  N  76°  W  (2),  N  70°  W,  N  69°  E. 

In  later  years  some  work  was  done  on  crevice  directions  by 
Moses  Strong/  but  the  results  which  he  obtained  were  like  those 
of  Percival  and  Whitney  and  so  need  not  be  considered  here. 

During  this  time  Prof.  T.  C.  Chamberlin^  also  worked  in  south- 
western Wisconsin,  and  in  connection  with  his  report  were  pub- 
lished a  number  of  maps  by  James  Wilson,®  giving  the  crevice 
directions  in  the  different  diggings  of  the  lead  region  and  includ- 
ing the  Potosi  area.     (Plate  I.) 

Joijit  Iiifcrz'als. — The  regularity  of  joint  intervals  was  noticed 
as  early  as  1854  by  Percival"  in  connection  with  his  work  on  the 
mineral  crevices  of  the  mining  region.     He  speal<s  of  the  com- 


^Geol.  of  wis.,  Vol.   I,  1862  :  Hall  &  Whitney,  pp.   .381-383. 

3Ibid.,  p.  329. 

*Geol.  of  Wis.,   Chamberlin,  Vols.  II  and  IV. 

sibid.,  Vol.  IV. 

*  Atlas.    Wis.   Geol.   Survey.      T.   C.   Chamberlin   and  others. 

"Ann.  Rep.  of  the  Geol.  Survey  of  Wis.,  1S55. 
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bination  of  ranges  (crevices)  into  groups  and  these  groups  into 
larger  series  all  having  a  regular,  definite  arrangement.  He  says : 
"On  combining  the  different  diggings  it  will  be  found  that  a  certain 
order  prevails  in  the  bearing  of  the  leading  east  and  -west  ranges; 
the  different  ranges  in  each  usually  having  a  common  bearing  and  a 
number  of  different  diggings  being  found  combined  into  more  extended 
series  by  the  common  bearing  of  their  ranges."     [Page  7G.] 

Percival's  east  and  west  crevices  vary  as  much  as  45°  on  either 
side  of  due  east  and  west.     In  another  place  he  says  :^ 

"The  leading  object  of  the  detail  I  have  given  of  the  arrangement  of 
the  minerals  in  crevices  and  openings  and  of  the  surface  arrangements 
of  the  ranges  in  groups  and  more  extended  combinations  has  been  to 
show  that  a  systematic  order  prevails  throughout  and  that  the  mineral 
deposits  are  not  detached  and  casual  but  combined  in  regular  series." 

At  the  end  of  the  chapter  he  concludes  :^ 

"What  I  have  here  given  is  only  a  small  part  of  what  might  have 
been  stated;  but  I  trust  it  will  suffice  to  show  that  the  ranges  in  their 
bearing  and  in  their  grouping  from  the  smallest  to  the  most  extended 
combinations  have  been  governed  by  some  general  la"w^,  and  have  not 
been  merely  local  accidents.  I  might  have  stated  many  facts  which 
seem  to  show  a  regularity  in  the  distance  between  the  different  ranges 
in  the  same  group;  but  such  a  statement  would  require  a  degree  of  de- 
tail incompatable  with  my  present  object.  Such  a  regularity  is  not 
only  probably  in  the  arrangement  of  each  group  but  in  the  combina- 
tion of  groups  into  larger  bodies  and  more  extended  series.  To  deter- 
mine this  satisfactorily  would  require  an  exact,  topographical  survey 
of  the  mines,  which  may  hereafter  become  an  object  well  worthy  of 
public  attention." 

Professor  Chamberlin^"  in  h's  report  reviews  part  of  Dr. 
Percival's  work  and  agrees  with  him  in  many  points,  but  dis- 
agrees in  others.     He  says  : 

"Much  study  and  ingenuity,  not  to  say  imagination,  have  been  ex- 
pended in  the  endeavor  to  discover  some  law  of  systematic  arrange- 
ment of  the  crevices  into  groups  and  larger  collocations,  but  without 
r.ny  conspicuous  success,  as  it  would  appear  from  the  different  results 


*Ann.  Rep.  of  the  Geol.  Survey  of  Wis.,  1855.-98. 

"Ibid.,   pp.   100-101. 

"Geol.  of  Wis.,  Vol.   IV,   pp.  439-«l. 
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arrived  at.  If  there  v.ere  any  simple  determinative  law,  it  would  seem 
that,  if  discovered,  it  should  command  general  assent  and  acceptance. 
This  much  is  certain,  that  individual  ranges  are  not  uniformly  distrib- 
uted over  the  productive  area  to  which  they  belong  but  are  gathered  in 
groups.  But  these  groups  present  the  utmost  variety  in  the  manner 
and  attitude  of  their  formation.  Perhaps  the  most  noteworthy  fact  is 
that  to  which  Dr.  Percival  has  long  since  called  attention,  that  these 
ranges  are  sometimes  arranged  so  as  to  give  a  rhombic  outline  to  the 
gi'oup,  and  that  these  groups  are  arrayed  somewhat  like  groups  e?i 
echelon.  But  this  is  only  true  of  a  few  districts,  the  best  example  be- 
ing the  Vinegar  Hill  diggings.  The  gathering  of  subordinate  groups 
into  districts  with  barren  intervals  between  is  a  conspicuous  fact  con- 
cerning which  there  is  little  opportunity  for  differences  of  view.  But 
when  it  comes  to  arraying  these  in  larger  groups  and  showing  the 
profounder  relations  of  the  districts,  wide  differences  have  been  the 
result." 

METHODS  OF  INVESTIGATION. 

Methods  of  Field  Work. — The  topography  of  southwestern 
Wisconsin  is  that  of  a  dissected  plain  where  the  river  valleys  are 
separated  by  flat  interstream  ridges.  These  ridges  are  wide  in 
the  southern  and  western  part  and  here  constitute  the  cultivated 
tracts,  while  the  valleys  are  usually  narrow  and  wooded.  As  we 
pass  northward  the  ridges  become  narrower  and  the  valleys  wider, 
until,  as  in  the  Richland  Center  district,  the  valleys  contain  the 
farms  and  cultivated  lands  while  the  ridges  are  narrow  and 
wooded  for  the  most  part. 

The  lowest  rock  formations  in  each  district  are  exposed  in  the 
main  valleys,  and  in  going  up  tributary  streams  successive  over- 
lying formations  are  met  with  and  the  hard  layers  found  exposed 
in  the  stream  beds  or  in  cliffs  along  the  sides.  From  these  stream- 
bed  exposures  and  from  quarries  situated  in  many  places  through- 
out the  country  the  most  reliable  data  were  obtained.  Very  often 
reliable  data  were  obtained  also  from  cliffs  bordering  the  valleys 
or  capping  the  summits  of  the  bluffs  or  ridges. 

In  each  one  of  the  exposures  the  directions  of  all  the  well  de- 
fined joints  were  taken  with  a  four-inch  Gurley  compass.  If  two 
or  more  joints  were  found,  trending  in  the  same  direction  in  one 
exposure,  the  duplicates  were  recorded  by  means  of  check  marks 
— one  for  each  duplicate.     We  are  thus  enabled  to  tell  with  reas- 
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enable  accuracy  the  dominant  joint  directions  in  each  area  and, 
finally,  in  the  district  as  a  whole.  The  readings  are,  in  each 
case,  probably  within  a  few  degrees  of  being  correct,  which  is 
about  as  accurate  as  is  possible  in  that  region. 

As  a  rule  the  joints  in  the  limestone  were  sharper  and  more 
clearly  defined  than  those  in  the  sandstone,  hence  the  data  from 
the  former  are  more  reliable.  The  joints  of  any  series  generally 
vary  only  a  few  degrees  in  direction  at  different  points,  but  in 
exceptional  cases,  as  those  mentioned  in  the  Niagara  limestone, 
the  variation  may  be  as  h'gh  as  15°  or  20^. 

In  the  exposures  in  the  beds  of  streams  and  quarry  floors,  the 
joints  are  shown  as  straight  fissures  running  across  horizontal 
outcrops,  while  in  cliffs  and  quarry  walls  they  are  shown  either  by 
smooth  vertical  faces  or  vertical  and  steeply  inclined  fissures. 

Construction  of  Maps. — The  maps  of  the  three  main  districts 
w^ere  traced  from  topographic  sheets  of  the  United  States  Geo- 
logical Survey.  Only  the  water  courses  and  some  of  the  larger 
villages  were  traced  on  these  because  topography  and  culture 
lines  obscure  the  drainage  net  work  to  a  large  extent.  After  the 
water  courses  had  been  mapped,  the  principal  joint  directions  of 
the  different  portions  of  the  district  were  added.  The  order  of 
prominence  of  these  joint  directions  was  summarized  for  areas 
including  a  number  of  individual  exposures,  more  or  less  grouped 
together.  The  degree  of  prominence  of  these  is  indicated  in 
star  symbols  by  the  width  of  the  rays,  of  which  there  are  three 
grades. 

STUDY   OF   JOINT   DIRECTIONS. 

The  Prairie  du  Chien  District  (Plate  II). — The  Prairie  du 
Chien  district  covers  an  area  about  twenty-seven  miles  long  and 
sixteen  miles  wide.  It  ranges  from  about  eleven  miles  south  of 
the  Wisconsin  to  about  sixteen  miles  north,  and  extends  about 
eight  miles  on  either  side  of  the  Alississippi.  The  data  on  the 
joints  of  this  district  were  obtained  chiefly  from  the  Trenton  and 
Lower  !Magnesian  limestones.  The  former  was  exposed  mainly 
in  stream  beds  and  the  latter  in  quarries.  These  data  are  sum- 
marized in  the  following  table  which  shows  the  relative  import- 
ance of  each  of  the  joints.     The  numbers  given  do  not  stand  for 
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the  actual  number  of  joints  found,  but  for  the  number  of  local- 
ities at  which  they  were  found. 

Joint.         No.  Joint.         No. 

N.  15°  W.— 13  N.     5°  E.— 21 

N.  25°   W. — 45  N.  25°  E.— 19 

N.  35°   W.— 35  N.  35°.E.— 34    ' 

N.  45°  W.— 25  N.  45°   E.— 29 

N.  55°  W.— 35  N.  50°  E.— 26 

N.  65°  W.— 29  N.  55°   E.— 34 

N.  75     W.— 34  N.  65°  E.— 19 

N.  85°   VV.— 27  N.  75°   E.— 28 

N.  85°  E.— 19 
N.  90°  E.— 14 

The  Richland  Center  District  (Plate  III).— The  Richland  Cen- 
ter district  covers  an  area  about  thirty-two  miles  long-  and  twenty 
miles  wide.  It  ranges  from  eleven  miles  south  of  the  Wisconsin 
river  to  twenty  miles  north  of  it.  The  data  from  this  area  were 
obtained  for  the  most  part  from  the  Potsdam  layers.  About  half 
of  the  data  were  obtained  from  the  limestone  and  shaly  layers 
exposed  in  the  quarries,  and  the  rest  from  cliffs  of  the  upper  and 
lower  hard  layers.  The  following-  table  is  a  summary  of  local- 
ities in  which  the  different  joints  were  found: 

Joint.  No. 
N.  0°  E.—  7 
N,  5°  E.— 19 
N.  15°  E.—  5 
N.  20°  E.—  5 
N.  22°  E.—  2 
N.  25°  E.— 12 
N.  30°  E.—  2 
N.  35°  E.— 35 
N.  40°  E.—  1 
N.  45°  E.— 20 
f  N.  46°  E.—  2 

N.  50°  E.—  6 
N.  52°  E.—  1 
N.  55°  E.—  9 
N.  60°  E.—  5 
N.  65°  E.— 12 
N.  70°  E.—  5 
N.  72°  E.—  3 
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N.  82°  W.—  2  N.  75^    E.— 24 

N.  85°  W. —  5  N.  80°  E. —  2 

N.  85°  E.—  9 
N.  90°  E.— 11 

The  Potosi  District  (Plate  I). — The  Potosi  district  covers  an 
area  about  fourteen  miles  long  by  nineteen  miles  wide,  of  which 
the  village  of  Potosi  occupies  about  the  center.  It  includes  a 
part  of  the  Mississippi  flood  plain  and  a  part  of  Iowa.  The  joint 
directions  of  this  district  were  taken  with  very  few"  exceptions 
from  stream  beds  and  in  Trenton  and  Galena  limestones.  A  few 
were  taken  from  the  St.  Peter  sandstone.  The  joints  of  the 
limestone  are  all  nearly  vertical  and  in  many  places  those  trend- 
ing in  the  same  direction  are  spaced  at  regular  interv'-als.  This 
is  also  vet}-  apparent  in  the  sandstone,  but  here  a  large  part  of  the 
joints  vary  by  some  ten  or  more  degrees  from  verticality.  The 
following  table  summarizes  the  joint  directions  in  the  Potosi 
district : 
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Other  Districts. — The  other  areas  studied  were  those  around 
jVIilwaukee.  Madison,  Devils  Lake,  Galena,  Mineral  Point,  and 
Iron  Ridge.  The  joint  directions  from  the  Milwaukee  area  were 
taken  in  three  formations,  the  Niagara,  the  Helderberg,  and  the 
Hamilton ;  but  those  of  the  Helderberg  are  so  poor  and  unrelia- 
ble that  they  have  not  been  entered  in  the  summary.  Those  of 
the  Niagara  and  Hamilton  were  obtained  from  the  quarries.  In 
the  area  about  ^Madison  the  joints  measured  were  in  the  Lower 
Magnesian  and  Potsdam  formations,  and  were  likewise  obtained 
from  quarries.  In  the  Devils  Lake  area  they  were  obtained  from 
the  quartzite  cliffs.  It  is  worthy  of  note  that  here  the  joints 
were  also  vertical  or  nearly  so  without  reference  to  the  dip  of  the 
bedding.  At  Galena  the  joint  directions  were  taken  from  the 
Galena  limestone,  while  at  Mineral  Point  they  were  obtained 
from  the  Trenton  and  underlying  St.  Peter.  The  data  at  Iron 
Ridge  were  taken  from  the  Niagara.  Below  are  given  the  sum- 
maries for  the  different  districts. 

MILWAUKEE  AREA. 


Joint. 

No. 

N. 

22°  W.- 

—  1 

N. 

32°  W.- 

—  1 

N. 

35°  W.- 

-  2 

N. 

40°  W.- 

-  2 

N. 

45°  W.- 

—12 

N. 

49°  W.- 

—  2 

N. 

52°  W.- 

—  1 

N. 

55°  W.- 

—10 

N. 

72°  W.- 

—  3 

N. 

75°  W.- 

—12 

N. 

85°  W.- 

—  2 

Joint. 

No. 

N. 

22°  W.- 

-  3 

N. 

32°  W.- 

-  2 

N. 

40°  W.- 

-  2 

N. 

45°  W.- 

—  4 

N. 

55°  W.- 

—  1 

N. 

65°  W.- 

—  1 

N. 

70°  W.- 

—  3 

N. 

75°  W.- 

-  3 

N. 

85°  W.- 

—  3 

Joint. 

No. 

N.  5°  E.- 

—  1 

N.  20°  E.- 

2 

N.  30°  E.- 

—  1 

N.  35°  E.- 

—11 

N.  45°  E.- 

—  1 

N.  50°  E.- 

-  9 

N.  58°  E.- 

—  2 

N.  65°  E.- 

—  4 

N.  78°  E.- 

—  1 

MADISON  AREA. 
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N.  85°  E.—  1 


Joint.  No.. 
N.  5°  E.—  1 
N.  15°  E.—  2 
N.  35°  E.—  4 
N.  45°  E.—  1 
N.  50°  E.—  1 
N.  55°  E.—  5 
N.  60°  E.—  2 
N.  70°  B.—  1 
N.  72°  E.—  1 
N.  85°  E.—  1 
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DEVILS  LAKE  AREA. 


Joint.  No. 
N.  25°  W.—  2 
N.  35°   W.— 18 

N.  45°  W.—  1 
N.  55°  W.—  4 
N.  65°  W.—  5 
N.  85°  W.—  3 


GALENA  AREA. 


MINERAL  POINT  AREA. 


Joint.  No 
N.  12°  W.—  2 
N.  25°  W.—  3 
N.  32°  D.—  3 

N.  72°  W.—  2 
N.  85°  W.—  3 


N.  50°  W.—  2 

N.  55°  W.—  3 
N.  60°  W.—  2 


IRON  RIDGE  AREA. 


Joint.  No. 
N.  24°  E.—  2 
N.  38°  E.—  6 
N.  45°  E.—  2 
N.  52°  E.—  1 
N.  55°  E.—  1 
N.  80°  E.—  1 

Joint.    No. 
N.  5°  E.—  4 
N.  85°  E.—  5 
N.  35°  E.—  1 

Joint.    No. 
N.  5°  E.—  1 
N.  35°  E.—  7 
N.  65°  E.—  7 

N.  75°  E.—  1 
N.  85°  E.—  1 
N.  90°  E.—  1 

N.  12°  E.—  2 
N.  15°  E.—  2 
N.  70°  E.—  2 


Summary:  Dominant  Joint  Directions  of  Southern  Wisconsin. 
— The  summary  of  the  joint  directions  of  the  three  main  districts 
shows  the  noteworthy  dominance  of  some  directions  over  others. 
One  of  the  objections  to  the  more  precise  theories  on  jointing  is 
the  fact  that  joints  are  found  trending  in  so  many  directions. 
This  is  true  in  a  measure,  but  still  the  fact  remains  that  there  are 
certain  prominent  directions  into  which  almost  nine-tenths  of  the 
joints  fall.  The  minor  directions  may  in  many  cases  be  due  to 
turns  in  some  of  the  major  joints,  examples  of  which  were  found 
in  the  Niagara  and  other  formations.  These  turns  are  perhaps 
due  to  local  irregularities  either  of  the  rock  or  of  the  forces 
causing  the  fracture.  Nothing  could  be  farther  from  the  truth 
than  the  view  that  joints  are  promiscuous  cracks  wandering  ir- 
regularly through  the  rocks.     They  are  definitely  oriented  frac- 
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tures  which  have  a  constant  relation  to  one  another.  A  careful 
examination  of  the  foregoing  data  will  reveal  the  fact  that  the 
joint  directions  are  not  accidental,  but  that  there  is  a  strong 
tendency  for  the  prominent  joints  to  be  arranged  in  sets  at  right 
angles,  or  nearly  so,  to  each  other.  This  is  shown  to  a  very 
marked  degree  in  case  of  the  N  35°  E,  and  N  55°  W,  N  35°  W 
and  N  55°  E,  N  5°  E  and  N  85°  W,  and  N  45°  E  and  N  45°  W 
lines. 

The  most  prominent  joints  of  the  Prairie  du  Chien  district 
are  N  25°  W,  N  35°  W,  N  55°  W,  N  75°  W,  N  85°  and  90°  W, 
N  35°  E,  N  55°  E.  The  less  prominent  ones  are  N  65°  W, 
N  45°  E,  and  N  75°  E.  The  most  prominent  joints  of  the  Rich- 
land Center  District  are  N  36°  E,  N  55°  W,  N  5°  E,  N  35°  E, 
N  45°  E,  N  75°  E,  and  N  85°  and  90°.  Those  which  are  less 
prominent  here  are  N  15°  W,  N  25°  W,  N  45°  W,  and  N  60° 
W,  while  N  65°  W,  N  75°  W,  N  25°  E,  N  55°  E,  and  N  65°  E. 
Those  which  are  most  prominent  in  the  Potosi  district  are  N  35° 
W,  N  55°  W,  N  75°  W,  N  85°  W,  and  N  35°  E.  while  N  20°  W, 
N  45°  W,  N  5°  W,  N  45°  E,  N  65°  E,  N  80°  E,  and  N  90°  E, 
are  less  prominent.  This  summary  shows  at  a  glance  the  great 
similarity  between  the  prominent  joint  directions  in  the  different 
areas. 

The  following  table  is  a  summary  of  all  the  joints  found  in 
the  three  main  districts.  Data  were  taken  at  about  two  hundred 
different  localities  and  the  figure  after  each  joint  shows  the  num- 
ber of  localities  in  which  it  was  found. 

Joint.         No.  Joint.         No. 


N. 

5° 

W.— 11 

N. 

10° 

W.—  6 

N. 

12° 

W.—  2 

N. 

15° 

VV.— 28 

N. 

20° 

W.— 13 

N. 

22° 

W.—  1 

N. 

25° 

W.— 59 

N. 

28° 

W.— 11 

N. 

30° 

W.— 11 

N. 

32° 

W.—  5 

N. 

35° 

W.— 67 

N. 

40° 

W.—  6 

N. 

42° 

W.—  7 

N. 

0° 

E.— 18 

N. 

2° 

E.—  2 

N. 

5° 

E.— 41 

N. 

8° 

E.—  3 

N. 

10° 

E.—  4 

N. 

15° 

E.—  8 

N. 

20° 

E.— 14 

N. 

22° 

E.—  2 

N. 

25° 

E.— 29 

N. 

28° 

E.—  4 

N. 

30° 

E.— 11 

N. 

32° 

E.—  5 

N.  35°   E.— 71 
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N.  45°  w.— 37  N.  40°  E.— 11 

N.  48°  W.—  1  N.  42°  E.—  3 

N.  50°  W.—  8  N.  45°  E.— 54 

N.  52°  W.—  1  N.  46°  E.—  2 

N.  55°  W.— 65  N.  50°  E. — 32 

N.  58°  W.—  3  N.  46°  E.—  2 

N.  60°  W.— 19  N.  50°  E.— 32 

N.  62°  W.—  3  N.  52°  E.—  6 

N.  65°  W.— 31  N.  55°  E.— 43 

N.  68°  W.—  6  N.  58°  E.—  2 

N.  70°  W.—  6  N.  60°  E,— 17 

N.  72°  W.—  7  N.  62°  E.—  4 

N.  75°  W.— 64  N.  65°  E.— 37 

N.  80°  W.— 11  N.  68°  E.—  3 

N.  82°  W.—  5  N.  70°  E.— 17 

N.  85°  W.— 37  N.  72°  E.— 10 

N.  87°  W.—  3  N.  75°  E.— 52 

N.  78°  E.—  1 
N.  80°  E.— 14 
N.  82°  E.—  2 
N.  85°  E.— 33 
N.  90°  E.— 33 

From  this  table  we  see  that  the  prominent  joints  of  the  three 
districts  may  be  put  in  the  following  order :  X  35°  E,  X  35°  W, 
N  85°  and  90°  E,  X  55°  E,  X  75°  W,  X  25°  W,  N  45°  E,  X  75° 
E.  X  55°  E.  X  5='  E,  X  85°  W. 

STUDY   OF    JOIXT   IXTERVALS. 

In  addition  to  the  orientation  of  joint  planes,  treated  above, 
there  is  found  in  most  exposures  of  sufficient  size  a  definiteness 
of  interval  between  successive  joints  trending  in  the  same  direc- 
tion, ^lore  than  this,  there  seems  to  be  in  many  cases  an  ar- 
rangement of  smaller  unit  interv^als^^  into  larger  ones,  also  of  a 
definite  size  and  probably  composed  of  the  same  number  or 
nearly  the  same  number  of  joint  intervals.  This  tendency  is 
very  marked  in  many  of  the  large  sandstone  exposures  and  also 
in  the  weathered  limestone  outcrops,  but  was  less  marked  in 
fresh  exposures. 


"This  term  is  used  arbitrarily  to  indicate  the  smallest  interval  which  can  be 
convenientlv  measured.     Op.  21st  Ann.  Rep.  U.  S.  G.  S.  Pt.  3,  p.  104. 
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The  following  data  were  taken  on  the  intervals  between  dif- 
ferent joints  in  the  same  series.  Most  of  them  are  from  the 
Potosi  area,  but  the  locations  from  which  they  were  obtained  are 
widely  scattered.     (Plates  IV  and  V.) 


JOINT    INTERVALS    FROM 


Joint. 
N.  0°  E. 
N.  5°  E. 
N.  5°  E. 
N.  20°  E. 
N.  35°  E. 
N.  35°  E. 
N.  45°  E. 
N.  40°  E. 
N.  85°  E. 
N.  20°  W. 
N.  55°  W. 
N.  75°  W. 


N.  50°  E. 
N.  55°  W. 


THE    GALENA 

LIMESTONE. 

Number  of  in- 

Interval. 

ter 

vals 

measured. 

9  ft. 

4 

5  ft. 

3 

9  ft. 

2 

18.  ft. 

2 

8  &  16  ft. 

4 

9  ft. 

3 

9  ft. 

3 

SVa  ft. 

2 

6  ft. 

3 

12  &  25  ft. 

5 

9  ft. 

3 

9  &  18  ft. 

4 

ST.    PETER    SANDSTONE. 

13   ft. 

7 

24  ft. 

6 

The  foregoing-  intervals  from  the  Galena  limestone  seem  to  be 
of  three  sizes,  the  first  being  about  five  feet  in  length,  the  second 
about  twice  that  or  nine  feet  in  length,  and  the  third  about  four 
times  the  length  of  the  first  or  about  eighteen  feet  in  length. 
Here,  therefore,  is  shown  a  rough  regularity  of  intervals  in  the 
same  formation  over  a  large  area.  With  better  facilities  of 
measuring  verv  much  better  results  would  probably  have  been 
obtained. 
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PART    II. 
THE  DRAINAGE  SYSTEM. 


EVIDENCES   IN    OTHER   REGIONS   OF  THE    CONTROL   OE   DRAINAGE   BY 
FRACTURE  LINES. 

The  effect  which  lines  of  fracture  have  had  on  the  drainage 
was  seen  and  investigated  a  long  time  ago  by  Daubree^^  and  to 
a  lesser  extent  by  D'Omalius  D'Halloy.^^  Daubree  investigated 
many  areas  of  northern  France  and  Switzerland  and  found  in 
numerous  instances  a  close  agreement  between  fracture  and 
drainage  lines.  He  shows  by  his  work  that  it  is  not  faults  ex- 
clusively which  produce  these  results,  but  that  joints  alone  may 
have  the  same  effect.  He  assumed  that  joints  were  gaping 
where  streams  followed  them,  and  closed  where  they  deviated. 

Research  work  on  the  subject  has  been  done  in  this  country  by 
Professor  Kemp  of  Columbia  University,  by  Professor  Hobbs  of 
the  University  of  A^"scol:sin,  and  Professor  Iddings  of  the  Uni- 
versity of  Chicago.  Professor  Hobbs  has  investigated  the  re- 
lations of  the  drainage  of  Connecticut  to  the  fractures  of  that 
region  and  finds  a  very  close  correspondence  between  them 
throughout  the  entire  state.  He  has  also  carried  this  outside  of 
the  state  and  has  investigated  other  areas  on  the  Atlantic  slope. 
Dr.  Hobbs  differs  from  Daubree  in  believing  that  joints  do  not 
have  to  be  gaping  in  order  that  streams  may  follow  them.  His 
view  is  that  joints  are  capillary  openings  in  which  water  accumu- 
lates and  by  freezing  and  by  chemical  action  brings  about  weath- 
ering and   disintegration.     This   will   produce   softer  layers    on 


'*  Daubree — Geologie    Experimentale.    Paris,    1S79;    pp.    352-373. 
"D'Omalius   D'Halloy — Precis    Elementaire  de      Geologie.     8tli    ed.    1868  ;    pp. 
449-453. 
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each  side  of  the  joint  which  are  easily  eroded.  Deviatiions 
from  a  straight  course  are  believed  by  him  to  be  often  due  to 
other  joint  planes  crossing-  the  first.  Professor  Iddings  has 
done  some  work  along  this  line  in  the  region  of  Yellowstone 
Park  and  here  also  he  finds  a  relation  between  the  lines  of 
fracture  and  the  drainage. 

CHARACTERISTICS  OF  THE)  DRAINAGE   NETWORK  IN  THE  DIFFERENT 
DISTRICTS    STUDIED.       (PEATES    I,    II,    III.) 

The  streams  of  the  driftless  area  either  empty  directly  into  the 
Mississippi  or  flow  into  the  Rock  or  Wisconsin.  In  the  Prairie 
du  Chien  district  the  drainage  is  toward  the  Mississippi  and  Wis- 
consin rivers.  The  Iowa  streams  flow  directly  into  the  Missis- 
sippi while  part  of  the  streams  on  the  Wisconsin  side  flow  into 
the  Wisconsin  river.  On  the  latter  side  there  are  two  large 
divides,  both  starting  from  the  mouth  of  the  Wisconsin.  The 
one  trends  about  N  30°  E  and  the  other  about  N  65°  W.  East 
and  north  of  these  divides  the  streams  flow  into  the  Wisconsin 
w^hile  the  rest  of  the  area  drains  directly  into  the  IMississippi. 

All  the  streams  east  of  the  Mississippi  and  north  of  the  Wis- 
consin have  a  characteristic  east  and  west  direction.  This  is  true 
not  only  of  those  flowing  into  tlie  Mississippi  but  also  of  those 
which  flow  east  into  the  Kickapoo  river,  a  branch  of  the  Wis- 
consin. South  of  the  Wisconsin  the  direction  of  streams  is 
dominantly  NE-SW.  On  the  Iowa  side  there  is  no  great 
regularity  of  drainage  lines.  The  courses  of  the  streams  here 
are  not  straight,  as  they  are  on  the  Wisconsin  side,  but  irregular 
and  winding,  due  perhaps  to  the  encroaching  glacial  out  wash. 
The  dominant  drainage  direction,  however,  seems  to  be  a  little 
north  of  west. 

The  Mississippi  itself  occupies  an  extremely  level  valley  from 
a  mile  to  two  miles  in  width,  lined  on  either  side  by  high  bluffs. 
In  this  valley  it  meanders  back  and  forth  with  great  irregular- 
ity, producing  ox-bow  lakes,  mud  islands,  and  other  character- 
istic forms.  While  the  river  itself  is  very  irregular,  the  bluflf 
line  is  generally  straight  and  continuous. 

The  valley  of  the  Wisconsin  is  similar  to  that  of  the  Missis- 
sippi but  the  streams  are  less  irregular  and  winding. 
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In  the  Richland  Center  area  the  drainage  is  more  unified  than 
in  the  preceding  district.  All  the  streams  flow  into  the  same 
master  stream  and  have  the  same  characteristic  structure  in  all 
parts  of  the  area.  The  Wisconsin  valley  here  has  the  same  form 
that  it  had  in  tlie  Prairie  du  Chien  area  but  is  about  four  or 
five  times  as  wide.  The  larger  part  of  the  bluff  line  here  runs 
directly  east  and  west.  The  valleys  of  the  other  streams  of 
the  district  are  considerably  wider  than  those  of  the  other  two 
areas,  and  are  so  sandy  that  many  of  the  side  streams  disappear 
before  joining  the  main  branches.  For  the  summer  months 
there  is  no  running  water  in  many  of  these  side  branches.  The 
streams  have  smoothly  winding  courses,  for  the  most  part,  with 
few  irregularities. 

The  dominant  directions  in  the  drainage  network  of  tin's 
district  are  N  NE-S  SW,  E-W,  N-S,  and  NW-SE.  The 
Wisconsin  river  bluff-line,  as  has  been  stated,  trends  prominently 
east  and  west.  In  the  eastern  part  of  the  district,  however,  the 
southern  bluffs  swing  around  to  a  W  NW-E  SE  direction. 
Pine  river  has  a  north  and  south  direction  in  its  lower  course. 
It  then  takes  a  XW-SE  direction  until  it  reaches  a  point  about 
a  mile  south  of  Richland  Center  when  it  resumes  its  north  and 
south  course.  Later  it  trends  X  X'E-S  S\\',  while  its  upper 
course  is  again  north  and  south.  Big  Bear  creek  also  has  a 
north  and  south  direction  at  its  lower  course  which  changes  to 
a  N  X^'E-S  SW  direction  in  its  main  course  while  near  its  head 
waters  it  flows  directly  south.  Little  Bear  creek  in  its  lower 
course  flows  directly  west,  but  later  has  the  same  X'  X'E-S  SW 
direction  as  the  Big  Bear,  ^\'illow  Creek  follows  the  same 
north  and  south  line  that  the  Pine  river  had  in  its  lower  course. 
Fancy  creek  and  the  west  branch  of  the  Pine  have  prominent 
XW-SE  courses.  Otter  creek  trends  X'  X'E-S  SW  for  about 
eight  miles  of  its  lower  course  and  then  changes  gradually  to  an 
east  and  west  direction.  Sneed  creek  flows  northwest,  while 
Underwood  creek  flows  directly  north.  These  rivers  in- 
clude nine-tenths  of  the  prominent  streams  of  the  area  and  the 
courses  of  all  of  them  fall  into  the  four  main  directions  before 
mentioned. 

In  the  Potosi  district  the  valleys  are  narrow  and  steep  sided 
with  few  evidences  of  flood  plains.     The  streams  of  the  entire 
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areas  have  irregular  winding'  courses.  These,  however,  are  not 
meanders  in  a  flood  plain,  for  the  flood  plain  is  absent  and  the 
bluffs  follow  all  the  curves.  This  is  unusual  for  streams  under 
normal  conditions  of  erosion,  and  some  other  forces  must  have 
been  present  to  alter  those  conditions.  Whatever  these  forces 
may  have  been  it  is  safe  to  take  the  main  directions  of  the 
streams  in  discussing  their  orientation  and  neglect  minor  curves 
and  irregularities. 

The  Big  Platte  river  has  a  general  north  and  south  direc- 
tion. The  direction  of  the  Little  Platte  is  east  and  west  in  its 
lower  course  and  becomes  N  NE-S  SW  in  as  it  nears  its  head- 
waters. The  main  stream  of  the  Grant  river  has  a  NW-SE 
direction  while  its  large  side  branch  flows  south  south  west. 
The  Little  Maquoketa  river  has  a  lower  east  and  west  course 
while  its  upper  course  is  almost  parallel  to  that  of  the  Grant. 

From  the  above  discussion  we  see  that  the  rivers  of  all  three 
areas  follow  a  few  definite  directions.  Below  we  shall  see  how 
these  correspond  with  the  chief  directions  of  jointing. 

RELATION     BETWEEN     THE     JOINT     SYSTEM     AND     THE     DRAINAGE 

NETWORK. 

Evidences  seen  on  Maps. —  In  the  preceding  section  we  have 
seen  that  there  is  a  definitely  oriented  network  of  drainage  lines 
in  the  different  districts  and  that  the  orientation  is  confined  to 
a  few  main  directions.  We  shall  now  see  that  the  prominent 
directions  of  jointing  correspond  with  the  prominent  drainage 
directions.      (Plates  L  11.  IIP) 

In  the  Prairie  du  Chien  area  there  is  a  very  evident  relation 
between  joint  and  drainage  lines,  especially  in  the  region  of  the 
east  and  west  streams.  It  may  be  seen  from  the  map  that  of 
the  joints  in  this  region  by  far  the  most  numerous  and  prom- 
inent are  those  trending  approximately  east  and  west.  South 
of  the  Wisconsin  the  prominent  east  and  west  joints  are  absent, 
being  replaced  by  joints  whose  directions  are  between  X  35° 
and  55°  E.  This  absence  is  clearly  connected  with  the  absence  of 
east  and  west  drainage  lines,  these  being  replaced  by  streams 
trending  approximately  NE-SW\  West  of  the  Mississippi  the 
north  and  south  line  is  fairly  prominent,  and  a  number  of  small 
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Streams,  besides  the  west  bluff  of  the  2\Iississippi  take  this  di- 
rection. Bloody  Run  in  its  general  direction  corresponds  very- 
well  with  the  east  and  west  lines  near  it,  and  many  other  minor 
coincidences  may  be  noticed  in  looking  over  the  map. 

In  the  Richland  Center  region  the  main  directions  of  the  riv- 
ers have  already  been  given  as  X  XE-S  SW,  (X"^  35°  E)  ;  X-S, 
(S  5°  E)  ;  XW-SE  (X  55°  W)  :  and  E-W  (X  85°-90°  E  and 
W).  By  referring  to  the  summary  of  joint  directions  in  this 
district,  it  will  be  seen  that  the  main  joints  correspond  with 
the  main  rivers  in  their  trend.  While  this  is  true  of  the  area 
as  a  whole,  striking  individual  coincidences  may  be  seen  in  all 
parts  of  the  map.  The  Big  and  Little  Bear  both  correspond 
with  the  prominent  jo'-nts  in  the  vicinity  (ii  and  14  of  Plate  III). 
The  bluffs  of  the  Pine  river  correspond  closely  with  the  promi- 
nent north  and  south  line  near  it  (13),  while  Ash  creek  has  the 
direction  of  the  W  XW  joint  in  12.  The  headwaters  of  the  Pine 
correspond  in  direction  with  the  north  and  south  joint  in  3,  while 
its  west  branch  has  the  same  trend  as  the  X'  55°  W  joint  in  the 
vicinity.  South  of  the  Wisconsin  we  have  Otter  creek  flowing 
in  a  X'  35°  W  direction,  which  joint  is  seen  in  both  19  and  16. 
There  are  probably  many  other  examples  in  parts  of  the  area 
where  data  on  joint  directions  have  not  been  collected,  but  the 
preceding  covers  very  well  the  area  studied. 

In  the  Potosi  area  the  direction  of  the  main  courses  of  the 
streams  (ignoring  the  minor  curves  and  irregularities  previously 
mentioned)  also  show  the  control  by  dominant  joints.  The  Big 
Platte  river  corresponds  very  well  in  direction  with  the  north 
and  south  line  along  its  course.  Grant  river  has  the  same  direc- 
tion as  the  N  35°  \\"  in  4  (Plate  I),  while  its  north  branch  has 
approximately  the  same  direction  as  the  joint  X"  35°  E  in  i  and  4. 
The  main  upper  course  of  the  Grant  and  the  other  prominent 
rivers  of  the  district  are  in  regions  where  few  or  no  data  on 
joint  directions  have  been  taken. 

Evidences  seen  in  the  Field. — After  this  discussion  of  the  evi- 
dences of  control  of  drainage  by  joints  as  shown  on  the  map  it  may 
be  well  to  turn  to  the  field  evidences.  These  are  abundant  espe- 
cially in  the  smaller  streams  where  outcrops  are  numerous.  An 
observer  might  walk  up  the  rocky  beds  of  any  of  the  abundant 
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minor  streams  and  he  will  find  case  after  case  where  the  streams 
follow  joint  plains.  In  the  sandstone  the  rocks  on  both  sides  of 
the  joint  have  been  removed,  causing  a  little  depression  along 
the  bottom  where  the  joint  may  be  seen  to  run.  These  little  de- 
pressions may  be  a  foot  deep  and  may  run  for  a  long  distance. 
(Plates  VI,  Vll  &  VIII.)  In  the  limestones  this  gouging  out 
along  joints  does  not  take  place,  but  in  many  cases  we  see  joints 
following  the  beds  of  the  streams.  In  other  cases  we  see  verti- 
cal walls  of  limestone  running  along  the  bank  of  the  stream  and 
following  its  course.  \^ery  often  another  wall  will  intersect  this 
one  at  some  angle  and  then  the  stream  will  follow  the  new 
course,  (Plates  IX  and  X.)  This  taking  up  of  a  new  course 
is  also  true  in  the  sandstone,  for  in  many  cases  we  find  the  de- 
pression following  first  one,  then  another  joint.  One  of  these, 
however,  is  generally  more  prominent  than  the  others  and  is 
therefore  apt  to  control  the  direction  of  the  stream. 

SUMMARY    AND    COXCLUSIOXS, 

From  the  foregoing  discussion  it  seems  very  evident  that  the 
drainage  directions  of  southwestern  Wisconsin  are  to  a  large 
extent  controlled  by  joint  plains.  There  are  in  the  three  dis- 
tricts studied,  a  few  dominant  directions  followed  by  joints  and 
streams  alike.  Since  these  directions  prevail  in  selected  areas 
in  different  parts  of  the  district  we  may  fairly  assume  that  they 
are  dominant  throughout  the  region.  As  has  been  shown,  the 
drainage  in  the  two  northern  districts  has  a  very  distinct  orienta- 
tion, and  a  close  relation  exists  between  the  jointing  and  the 
drainage  directions.  In  the  southern  district  these  directions 
are  more  or  less  obscured  by  minor  irregularities,  but  after  some 
study  it  becomes  apparent  that  even  here  the  general  direction 
of  stream.s  conforms  to  prominent  joint  directions. 

From  the  foregoing  treatment  we  may  draw  the  conclusion 
that  under  conditions  which  have  prevailed  in  southwestern 
Wisconsin  the  drainage  is  to  a  very  large  extent  influenced  by 
joints  and  other  planes  of  fracture.  It  may  not  be  exclusively 
controlled  by  them  :  many  other  forces  may  have  been  present 
to  modify  the  result,  3'et  this  same  result  shows  how  small  the 
influence  of  the  latter  has  been. 
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Further  work  along-  these  different  Hnes  is  very  essential.  In- 
vestigations should  be  carried  on  in  different  regions  to  see  how 
the  degree  of  control  varies  under  different  conditions  of  arid- 
ity, humidity,  or  high  and  low  altitudes.  But  more  important 
than  this  is  the  further  study  of  joint  intervals,  which  has  here 
been  merely  touched  upon.  Very  interesting  results  should  be 
brought  out  by  further  investigation  along  these  lines. 
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PLATE   I. 
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PLATE   II. 


Joint  and  drainage  map  of  the  Prairie  du  Claien  District.  The  dotted  lines  in- 
dicate the  bluffs  and  the  stars  indicate  the  local  importance  of  joint  series. 
Scale,  1  inch  =  4  miles. 
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PLATE    III. 
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Joint  and  drainage  map  of  the  Richland  Center  District  in  southwestern  Wis- 
consin. The  dotted  lines  represent  bluffs,  and  the  stars  indicate  the  local 
importance  of  joint  series.    Scale,  1  inch  —  o  miles. 
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PLATE  YI. 
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POLISHED  SURFACE  OF  SPHERULITIC  APORHYOLITE 
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ROCKS  OF   THE    FOX   RIVER   VALLEY. 

WISCONSIN 


I. 


NATURE,  DISTRIBUTION  AND  AGE  OF  THE  IGNEOUS 

ROCKS. 

Within  the  Potsdam  sandstone  and  later  Paleozoic  forma- 
tions of  the  valley  of  the  Fox  River  in  south  central  Wisconsin 
are  found  a  number  of  small  isolated  areas  of  pre-Cambrian 
crystalline  rocks  of  igneous  origin,  whose  distribution  is  indicated 
in  Figures  1  and  2. 

They  lie  in  an  area  some  sixty  miles  in  length  and  twenty-five 
in  breadth.  The  nearest  approach  of  the  great  pre-Cambrian 
area  of  the  state  to  the  rocks  here  under  consideration  is  at  the 
town  of  \\'aupaca.  about  15  miles  to  the  north  of  the  northern- 
most of  the  outliers  in  Waushara  county.  Only  one  of  the  knobs 
of  crystalline  rock  much  exceeds  a  square  mile  in  area,  and  most 
of  them  are  very  much  smaller.  All  have  been  smoothed  and 
rounded  by  glaciation,  and  now  stand  bare  and  open  to  study,  in 
most  cases  well  above  the  level  of  the  surrounding  sedimentary 
rocks.  In  places  they  rise  from  the  level  of  the  sedimentary 
rocks  in  sharp  clififs.  On  the  west  flank  of  Observatory  Hill, 
where  these  cliffs  are  seen  to  best  advantage,  large  well  rounded 
pebbles,  up  to  eight  inches  in  diameter,  such  as  might  today  be 
picked  up  on  the  coast  of  Massachusetts,  readily  separate  from 
the  friable  Potsdam  sandstone  near  its  contact  with  the  porphyry. 
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Fig.  1.— Map  of  Wisconsin  showing  location  of  Fox  River  district. 


The  pebbles  dwindle  in  size  as  they  are  found  farther  from  the 
contact,  and  at  a  distance  of  a  few  yards  the  sandstone  is  quite 
free  from  them. 

The  principal  rock  of  the  areas  is  of  fairly  uniform  chemical 
and  mineralogical  composition,  but  varies  widely  in  texture,  ac- 
cording to  which  variation  it  has  been  named  in  different  areas, 
granite,  quartz  keratophyre.  soda-aporhyolite,  metarhyolite,  rhyo- 
lite-gneiss,  etc.  Perhaps  nowhere  else  have  such  ancient  rocks 
been  described  where  the  evidences  of  the  peculiarly  complex 
crystallizations  of  surface  volcanic  rocks  have  been  so  well  pre- 
served. In  nearly  all  of  the  areas  the  acid  rock  is  cut  by  dikes 
of  a  considerably  altered  andesite  porphyry  and  later  rhyolite. 
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Huronian  Quartzite. 


Archean  (?)  Igneous    Paleozoic  Sediments. 
Rocks. 


Fig.  2. — Sljeteh  map  of  the  petrosraphie  province  of  the  Fox  River  Valley, 
Wisconsin.  Areas  of  granite  are  locatea  in  Waushara  county  and  at  Mon- 
tello.  Quartz  keratophyre  occupies  areas  in  Waushara  county,  at  Marquette, 
and  at  Observatory  Hill.  Soda  aporhyolite  in  some  of  its  phases  is  found 
at  Endeavor.  Taylor's  Farm  (near  (trover's  PostoflBcei.  in  Marcellon  (.near 
Thurman  Postofflce),  in  the  Baraboo  Bluffs,  at  L'tley,  and  at  Berlin. 

The  markedly  close  relationships  of  the  Fox  River  \'alley  igne- 
ous rocks  in  chemical  composition  are  presumptive  though  not 
conclusive  evidence  of  similarity  of  geological  age.  That  this  is 
pre-Cambrian  is  obvious  from  the  relations  just  described. 
Weidman's  conclusion  that  the  igneous  rocks  of  the  Baraboo 
region  are  older  than  the  Baraboo  quartzite  probably  applies  to 
the  other  areas  of  pre-Cambrian  rocks  in  the  Fox  River  \'alley. 
All  are  therefore  classed  provisionally  as  Archean. 

The  Fox  River  crystalline  rr)cks  were  mapped  and  briefly 
described  by  the  geologists   of  the  early  Wisconsin   Geological 
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Survey.""  Their  yneous  origin  was  not  distinctly  recognized, 
and  indeed,  from  the  stress  which  was  laid  upon  the  strike  and 
dip  observations,  it  is  evident  that  some  of  the  geologists  of  the 
Survey  held  the  belief,  common  at  the  time,  that  such  rocks  were 
of  sedimentary  origin. 

Weidman,  in  1893.  published  a  description  of  the  quartz  kerat- 
ophyre  of  the  north  Baraboo  range,-  and  in  1898  he  published 
an  adequate  discussion  of  the  Berlin  and  Utley  igneous  rocks.  ^ 
Still  later  the  discovery  of  iron  ore  in  the  Baraboo  range  led 
\\'eidman  to  make  a  careful  study  of  the  Baraboo  district.  Some 
of  the  results  of  this  study  were  the  discovery  of  new  areas  of 
crystalline  rock  at  the  ^larkert  Farm  near  Denzer.  where  the 
rock  is  rhyolite  and  at  !Myer"s  ^lill  on  Otter  Creek,  where  gran- 
ite and  its  sheared  phases  are  found.* 

The  field  work  upon  which  the  present  report  is  based  was 
commenced  by  the  senior  author  in  189-1  when  he  directed  the 
preparation  of  a  thesis  on  the  ^larquette  area  by  !Mr.  \\".  \V. 
Pretts  and  made  a  general  examination  of  the  other  areas.  The 
detailed  mapping  of  Observatory  Hill.  ^larcellon,  Moundville, 
and  Taylor's  Farm  was  done  by  the  authors  jointly  in  1896. 
During  and  subsequent  to  the  detailed  mapping,  a  number  of  gen- 
eral examinations  of  the  district  have  been  made  by  both  authors. 
Papers  treating  of  the  structure  and  composition  of  the  rocks  of 
the  district  have  from  time  to  time  been  presented  before  the 
Geological  Society  of  America.^ 

The  authors  are  indebted  to  the  Regents  of  the  University 
for  financial  assistance  in  field  work  and  in  preparing  tain  sec- 
tions of  the  specimens  collected,  and  to  the  Wisconsin  Geological 


^  Annu.Tl  Report  of  the  Geologio.nl  Survey  of  Wisconsin,  by  James  G.  Perciv.nl, 
1S56.  pp.  104-107. 

Geology  of  central  Wisconsin,  by  R.  D.  Irving.  Geol.  of  Wis.  Vol.  II,  part 
3,    1877,   pp.   501-524. 

Geolosry  of  eastern  Wisconsin,  by  T.  C.  Chaml>erlain.     Ibid.  pp.  248-2.52. 

*  On  the  quartz  keratophyre  and  associated  rocks  of  the  north  range  of  the 
Baraboo  bluffs,  by  Samuel  Weidman.  Bull.  Univ.  of  Wis.,  Science  ser.,  vol.  1, 
ISO.".,  pp.  .•',.".-.-.0. 

*  A  contribution  to  the  geology  of  the  pre-Cambrian  igneous  rocks  of  the  Fox 
River  Valley,  Wisconsin,  by  Samuel  Weidman.  Bull.  Wis.  Geol.  &  Nat.  Hist. 
Survey,  No.  III.  Sci.  ser..  No.  2.  1808.  pp  1-0.3. 

*  The  Baraboo  iron-bearing  district  of  Wisconsin,  by  Samuel   Weidman.     Bu'l. 
Wis.  Geol.  &  Nat.  Hist.  Survey.  No.  XIII.  Econ.     Ser.  No.  8..  1904,  pp.  12-21. 
^Bull.  Geol.  Soc.  Am.,  vol.  7,  1896.  p.  7.  and  vol.  11,  1900,  p.  5. 
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and  Natural  History  Survey  for  chemical  analyses.  Acknowlclge- 
ment  is  made  to  Mr.  W.  \\\  Pretts  for  material  drawn  from  his 
thesis  on  the  ^Marquette  area.  The  authors  are  also  indebted  to 
Mr.  Geo.  E.  Knowles,  of  the  Berlin  and  Montello  Granite  Com- 
pany, who.  without  charge,  kindly  prepared  a  considerable  num- 
ber of  polished  specimens  at  the  polishing  plant  of  the  Berlin 
and  Montello  ( iranite  Company. 
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Fig.   3. — Map  of  the  Marcellon  area.  l)y  W.   H.   Ilobbs  and   ('.    K.  Eeitli. 


256  BULLETIN    or    THE    UNIVERSITY    OF    WISCONSIN. 


Quartz.         Labydorite       Oranito    Congrlomoi-ate.     Sandstone. 
Porphyry.      Poi'bhyry.      Porphyry. 
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Fig.  4.— Map  of  Observatory  Hill  area,  by  W.   H.  Hobbs. 
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S'-ale  in  Fwr. 
Contours  10  feet. 

Fig.   5. — Map   of  Montello  quarry  area,   liy   W.    H.   Hobbs. 
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Aporhyolite-    Felsite-    Spherulitic    Butaxitic  Aporhyolite-    Diabase.    Sandstone, 
porphry.  Aporhyolite.  Aporhyolite.  Aporhyolite.  breccia. 

PRE-CAMBRIAX.  CAMBRL\N. 


Fig.   6. — Map  of  Marquette   area,  by  W.   H.   Ilobbs   and   W.   W-    Pretts. 
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Fig.    7. — Map   of    Endeavor    area,    by    C.    K^Leitli. 


II. 


CHEMICAL  COMPOSITION  OF  THE  IGNEOUS  ROCKS. 


Complete  analyses  have  been  made  of  the  volcanic  rocks  of  the 
Fox  River  \'alley  upon  fifteen  samples  representing  occurrences 
well  distributed  in  the  district.  Three  of  these  (those  from  Bar- 
aboo.  Berlin  and  Utley)  have  been  already  published  bv  W  ^id- 
man.^  The  remaining  ones  have  been  made  especially  for  this 
investigation  by  Professor  W.  ^^^  Daniells  in  the  chemical 
laboratory  of  the  University  of  Wisconsin.  The  results  are 
given  below,  together  with  the  formula  in  the  quantitative  classi- 
fication as  obtained  by  computation  of  the  norms. 


®The  Igneous  Rocks   of  the  Fox  River  Valley,   by   S.    Weidman.    Bull.    Wis. 
Geol.  and  Nat.  Hist.  Survey,  Xo.  Ill,  1898. 
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The  close  agreement  of  these  analyses  with  one  another  is 
best  shown  by  plotting  them  in  the  manner  suggested  by  Brog- 
ger."     (See  Fig.  8.) 

In  common,  the  rocks  of  the  province  are  characterized  by 
high  silica  percentage  (T3%  to  T9%),  but  the  most  notable 
feature  of  them  is  the  uniform  predominance  of  soda  over  pot- 
ash, when  reckoned  in  molecular  proportions,  in  every  area  ex- 
cept Montello,  where  the  two  are  present  in  equal  proportions. 


MOLECULAR  RATIOS  OF  SODIUM  TO  POTASSIUM  OXIDES. 

Wcstcrti  District. 

Endeavor,    3.41 

Baraboo,    3.63 

\ 

Central  District. 

I\Iarcellon,   2.{jCy 

Marquette, 1.37  and  2. 06 

Alloa 1.36 

Taylor's  Farm, 1.28 

Observatory   Hill,    1.28 

Waushara,    1.50 

Alontello,   1. 


Eastern  District. 

Utley,    3.64 

Berlin,    3.00 


'Die  Eruptivegfsteine  des  Kristianiagebietes,  III.  Das  Gansefolge  des 
Laurdalits.  Kristiania,  1898;  p.  255,  PI.  I.  See  also  Jour.  Geol.,  vol.  VIII, 
1900,  pp.  1-31,  7  p'. 
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Fig.  8.- 


-Graphic  representation  of  the    composition    of    the    igneous    rocks 
the  district. 


of 


A. 
B. 
C. 
D. 
E. 
F. 


Quartz  keratophere,  Observatory  llill. 

Spherulitic  soda  aporhyolite,  Marcellon. 

Soda   felsite.    Marquette. 

Soda  granite  porphyry,  Observatory  Hill. 

Granite,   Montelo. 

Andesite,  Marcellon. 
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Interesting  as  are  the  marks  of  consanguinity  within  tlie  Fox 
River  province,  as  disclosed  by  these  analyses,  minor  ditterences 
which  they  show  between  the  rocks  of  the  several  areas  are 
hardly  less  instructive.  The  rhyolite  porphyries  of  Observatory 
Hill  and  Marquette  are  almost  identical,  their  molecular  pro- 
portion of  soda  being  about  one-third  greater  than  that  of  potash. 
The  granites  to  the  north  are  richer  in  the  heavy  bases,  but  cor- 
respondingly poor  in  alumina,  though  they  are  otherwise  almost 
identical  with  the  rhyolite  porphyries.  In  contrast  with  both 
granite  and  porphyry,  the  massive  aporhyolites  from  the  eastern 
and  western  portions  of  the  province  are  much  richer  in  soda, 
the  average  ratio  of  sodium  oxide  to  potassium  oxide  being  3.42. 
The  riebeckitic  hornblende,  which  occurs  in  the  Berlin  rock,  in- 
fluences the  analysis  by  an  increase  in  the  protoxide  of  iron,  and 
a  corresponding  decrease  in  the  alumina.  In  the  central  area 
(Marquette.  Marcellon  and  Taylor's  I-'arm).  where,  in  the  apor- 
hyolites. the  greatest  differentiation  of  structure  is  to  be  ob- 
served, the  differences  in  composition  are  more  notable. 

The  rock  of  the  Taylor's  Farm  area,  which  is  separated  from 
the  keratophyrc  of  Observatory  Hill  by  only  about  a  mile,  and 
lies  in  its  trend  along  the  axis  of  the  province,  agrees  closely 
with  the  keratophyre  in  its  alkali  ratios.  The  aporhyolites  of 
Marcellon  and  Marquette,  both  near  the  keratophyre.  are,  in 
regard  to  their  ratios  of  the  alkalis,  intermediate  between  the 
keratophyre  and  the  aporhyolite  of  the  eastern  and  western  areas. 
On  the  other  hand,  in  regard  to  acidity,  the  INIarcellon  and  Tay- 
lor's Fami  aporhyolites  most  resemble  each  other  in  that  both 
have  silica  percentages  in  excess  of  78,  whereas  the  average  acid- 
ity of  the  remaining  rocks  is  To. 54.  This  is  probably  in  part  to 
be  ascribed  to  secondary  infilitration  of  silica  after  deformation 
of  the  rock,  evidence  of  which  is  to  be  found  in  the  veins  of 
silica  seen  in  the  hand  specimen.  The  limits  in  composition  are , 
for  all  save  the  greenstone:  SiO.  79.09-71.24;  AUO.  17,02-10.01; 
Fe^Og  3.85-.1C);  FeO,  5.44-.18^  CaO  2.78-.25^  MgO  1.03-0  j 
MnO  .97-0. 

The  acid  dike  rocks,  the  felsite  of  r^Iarquette  and  the  granite 
porphyry  of  Observatory  Hill,  agree  almost  exactly  in  composi- 
tion with  the  normal  aporhyolites,  the  soda-potash  ratio  (3.52  and 
2.68  respectively)  being  maintained. 

IG 


SiO 

AU( 

Fe 

FeO 

CaC 

MgC 

K2O 

Na 

H,G 

H,0 

CO 

Mud 


Rat 
Nan 
For 


Porphyry.  Porphyry. 


irOBBS    A^'D    LEITH PRE-C  AMBRIAX    VOLCANIC    ROCKS. 


203 


Calculation  of  the  nornii  shows  that  the  range  of  the  acid 
rocks  is  represented  by  I,  3-4,  1-3,  3-4.  If  the  published  analyses 
afford  any  clue  to  the  relative  abundance  of  rock  types,  the  rhyo- 
lite  porphyries  from  Obser\'atory  Hill  and  ^Marquette  (I  -423)  are 
of  a  much  more  common  type  than  the  others.  The  closely  allied 
soda  felsite  from  ^larquette  (I  424)  is  also  of  common  occur- 
rence. The  soda  aporhyolite  from  !Marcellon  and  that  from  Ber- 
lin are  a  comparatively  rare  dosodic  type  (I  314)  to  which  the  au- 
thors of  the  quantitative  classification  have  not  assigned  a  name. 

The  augite  and^site  at  Marcellon  belongs  in  class  II  of 
the  classification  and  is  of  a  species  not  represented  by  analyses 
in  Washington's  tables. 


III. 

TEXTURES  OF  THE  IGNEOUS  ROCKS. 

Texturally.  the  acid  rocks  of  the  several  areas  show  the  widest 
range.     The  Waushara  rock,  as  described  bv  Weidman,  is  a  mas- 


Fig.   9.— Mashed   spherulites 


in   aporhyolite   from    Marcellon   area. 
natural  size. 

17 
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sive,  medium-grained  granite  mainly  composed  of  quartz  and 
feldspar.  At  Montello  is  found  a  dense,  massive  granite  of  es- 
sentially the  same  mineralogical  composition  which  is  (|uarried 
extensively  for  monumental  work  and  for  block  paving,  and  is 
now  well  known  as  the  stone  from  which  the  sarcophagus  of  Gen- 
eral Grant  was  sculptured.  At  Observatory  Hill  the  rock  is  a 
massive  rhyolite  porphyry  which  does  not  exhibit  any  certain  evi- 
dence of  its  surficial  origin,  although  a  lineal  arrangement  of 
magnetite  crystals  has  been  made  out  in  one  or  two  sections. 
Comparable  with  this  is  the  rhyolite  porphyry  of  Xoble's  Quarry, 


Fig.   10.— Masheil   sidicniliU'  groups  iu  rhyolite  of  .M.ir(nicttt'  avca.     Two-  third* 

natural  size. 

in  the  ^Marquette  area,  though  the  quarry  is  separated  by  less  than 
half  a  mile  from  rocks  of  nearly  identical  composition,  but  which 
exhibit  rhyolitic,  spherulitic,  perlitic,  and  other  surficial  tex- 
tures, and  are  associated  with  volcanic  breccias  in  great  abun- 
dance. It  is  in  the  Marcellon  area  that  the  textures  pecu- 
liarly   characteristic    of    acid    effusive    rocks    are    found    in    the 
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best  development.  In  the  small  knob  situated  just  west  of 
the  stage  road  from  Portage  to  Montello  the  spherulites  appear 
in  the  rock  like  a  collection  of  pebbles,  and  individual  spherulites 
have  been  found  considerably  larger  than  a  man's  fist.  A  little 
to  the  north,  and  on  the  east  of  the  road,  the  smooth  surface  of  the 
exposure  is  beautifully  figured  by  the  curling  chains  of  spheru- 
lites (axiolites).  which  are  crowded  in  the  black  devitrified 
groundmass  of  the  rock. 

In  the  Endeavor  area  the  rock  is  found  to  be  a  remarkably 
massive  rhyolite  porphyry  resembling  that  of  Observatory  Hill 
and  Marquette,  though  it  shows  a  distinct  banding,  or  eutaxitic 
texture,   which   the   microscope,  by  its   revelation  of  spherulitic. 


Fig.    11.— Perlitii;    parting    in    rhyolite  <if    Marquette    area    as    seen    under    the 

microsfope. 

fluxion,  and  poikilitic  textures  compels  us  to  interpret  as  one  of 
the  results  of  flowage.  The  eutaxitic  texture  of  the  Marcellon 
rhyolite  is  a  rhyotaxitic  or  fluxion  texture,  in  that  the  rock  shows 
alternating  lenses  or  schlicrcn,  which  dilTer  in  texture  or  com- 
position or  both,  ranged  in  the  direction  of  flov*-  The  prominence 
which  this  texture  nov.-  has  is  due  to  devitrification  and  <econd- 
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ary  coloration,  but  the  original  lenses  of  the  rock  have  governed 
the  distribution  of  the  secondary  products. 

Under  the  term  fluxion  texture  is  here  included  the  alignment, 
in  the  direction  of  flow,  either  of  individual  minerals  or  of 
spherulites.  The  eutaxitic  texture  is  noticed  in  the  rocks  show- 
ing differently  colored  bands  and  lenses.  No  very  sharp  lines  can 
be  drawn  to  separate  the  two  textures.  At  Taylor's  Fann,  the 
rock  is  likewise  massive  and  reveals  to  the  unaided  eye  little  evi- 
dence of  surface  origin.     Under  the  microscope,  however,   the 


iHM^.. 


Fig.     15.— Flow    stnicture    in    aporhyolite    from     Marcellon    area.    Two-thirds 

natural  size. 

rhvolitic  texture  of  the  groundmass  is  most  pronounced.  The  rock 
at  Baraboo  is  a  rhyolite,  showing  typical  volcanic  textures.  The 
Utley  rock  is  a  massive,  fine-grained  rhyolite.  The  Berlin  rock, 
as  the  result  of  profound  mashing,  is  a  rhyolite  gneiss. 

^^'e  thus  find  in  the  several  areas  every  gradation  trom  the 
granite,  through  a  massive  rhyolite  porphyry  into  a  rhyolite  in 
Avliich  all  the  evidence  of  former  flowage  and  rapid  surface  cool- 
ing is  apparent.  The  areas  of  granite  are  contiguous  and  the 
areas  of  keratophyre  lie  in  a  zone  bordering  the  granite  on  the 
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east  and  south,  while  the  rhyohte  areas  he  in  an  outer  zone  be- 
yond the  keratophyre  and  farthest  removed  from  the  granite. 
(See  Fig.  2.) 


Ag^««^*~  - 

o 

IHM^'v-Afl  jj^i^ 

* 

^ 

Fig.    13.— Aporhyolite   breccia   from    Marcellon   area.     Two-thirds   natural    size. 

IV. 

THE  SODA  APORHYOLITE  OF  THE  CENTRAL  AREA 
AND  ITS  PECULIAR  TEXTURES. 

Detailed  petrographical  description  of  the  several  rock  types 
will  not  be  attempted  within  the  limits  of  this  paper.  The  rhyo- 
litic  lava,  particularly  as  developed  at  ]\Iarcellon,  presents  so 
many  interesting  textures,  however,  that  it  can  hardly  be  passed 
over  without  a  brief  mention  of  some  of  them. 

The  soda  aporhyolite,  though  still  exhibiting  in  unusual  per- 
fection textures  which  could  have  developed  only  in  a  vitreous 
lava,  now  shows  no  glassy  material,  the  groundmass  consisting 
always  of  a  micro-crystalline  or  crypto-crystalline  aggregate  of 
quartz  and  feldspar,  thus  indicating  that  devitrification  of  an  or- 
iginally partially  glassy  base  must  have  taken  place. 

As  developed  in  the  Endeavor  and  Taylor's  Farm  areas,  the 
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soda  aporhyolite  is  rather  massive,  with  the  common  aspect  of 
quartz  porphyries  and   may  exhibit  only  under  the  microscope 
the  strvictures  which  are  the  evidences  of  its  surficial  origin. 
The  phenocrysts  of  the  aporhyolite  are   feldspar  and  quartz, 


Fig.    14.— IMiotomierograph    of  fan-sliaped    siilicniliti'   in   aiunh.volitc   from   Mar- 

ocUon  area. 


in  about  equal  proportions.  The  feldspars  show  some  variety 
of  forms  and  alterations,  which  will  not  here  be  discussed,  but 
which  include  untwinned  feldspar  resembling  orthoclase,  micro- 
cline,  and  microperthite.  Some  of  the  larger  and  clearer  crystals 
were  separated  from  the  Endeavor  rock  and  submitted  to  Prof. 
W.  W.  Daniells  for  chemical  analysis.  Under  the  microscope 
these  feldspars  are  seen  to  be  either  untwinned,  resembling  ortho- 
clase, or  to  show  locally  the  microcline  structure.  The  analysis 
follows : 
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SiO., 63.53 

1.134    ' 
AUO, 19.62 

.192 
CaO 25 

.001 
K,0 6.73 

.071 
Na.O 4.44 

.071 

99.57 

The  predominant  feldspar  in  the  Endeavor  rock  is  therefore 
probably  a  soda  orthoclase  or  soda  microcline  containing  soda  and 
potash  in  about  equal  molecular  proportions. 


Fig.  l.j.— nigh  power  view  of  part  of  spherulite  shown  in  Fig.   14. 


The  groundmass  is  a  quartz-feldspar  aggregate  which  shows 
spherulitic.  rhyotaxitic,  and  poikilitic  textures.  Subordinate  con- 
stituents are  magnetite,  hematite,  greenish  biotite,  sericite,  epi- 
dote.  and  calcite. 
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The  aporhyolite  of  the  Alarcellon  district  exhibits  the  pecuhari- 
ties  of  spheruHtic  crystalhzation  on  a  grand  scale.  In  the  knob 
near  the  ^lethodist  Chapel  the  entire  rock  is  made  up  of  spheru- 
lites,  the  larger  ones  of  which  measure  fully  four  inches  in  dia- 


Fig.    16.— Photomicrograph   of   spherulite   in   aporhyolite  from    Marcellon   area. 


meter.  Owing  to  a  perlitic  parting  which  follows  their  surfaces, 
these  spherulites  separate  from  the  rock  like  large  pebbles  (Fig. 
9).  Many  of  them  are  surrounded  by  a  thin  layer  of  quartz  and 
they  are  often  crossed  by  seams  of  infiltrated  quartz. 

Under  the  microscope  numerous  varieties  of  spherulites  are  to 
be  distinguished.  In  some  phases  of  the  rock,  small,  almost  per- 
fectly spherical  ones  with  a  perfect  extinction  cross,  are  seen 
crowded  together  or  ranged  in  the  form  of  axiolites.  (Fig. 
17.)  The  much  contorted  white  stripings  of  a  mass  of 
dark  aporhyolite  exposed  near  the  Goodman  Place  have  been 
produced  by  chains  of  such  axiolites  standing  out  from  the  dark 
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background  of  a  devitrified  obsidian.  This  chain  is  locally  en- 
larged by  the  occurrence  in  it  of  a  much  larger  spherulite  or  at 
other  times  of  a  lithophysal  cavity.  (Fig.  9.)  The  cen- 
tral line  of  the  axiolite  formed  by  the  centers  of  the  several 
spherulites  is  here  apparent. 


Fig.  17. — I'hotomici-ograph   of  axiolites   iu  aporhyolite  from   Marcellon   area. 


In  other  sections  of  the  aporhyolite  are  found  eccentric  or 
fan  forms.  A  variation  of  this  form  is  that  shown  in  Fig.  14, 
where  a  granular  spherical  cjuartz-feldspar  mass  is  surrounded 
by  a  narrow,  well-defined  rim  of  radial  feldspar  of  uniform  width, 
from  which  rim  on  one  side  large  orthoclase  fibers  radiate  until 
they  meet  similar  fronds  from  other  centers.  In  ordinary  light 
the  three  stages  of  growth  of  such  spherulites  are  beautifully 
shown  by  the  varying  content  of  iron,  this  material  being  most 
abundant  in  the  center,  less  abundant  in  the  surrounding  narrow 
zone,  and  rare  in  the  outer  radial  growth. 
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The  granular  centers  of  such  growth  forms  are  explained  by  a 
recrystallization  of  the  original  aggregate. 

In  the  slides  there  also  appear  roundish,  well-defined,  crypto- 
crystalline  areas  of  feldspar,  with  indistinct  radial  arrangement. 
These  areas  have  a  dirty  pink  color  in  ordinary  light,  and  are 


Fis 


IS. — rhotomierograph    fif   flow   texture    about    phenocrysts     in    aporh.volite 
from    Marcellon   area. 


almost  black  under  crossed  nicols.     Where  in  contact  with  the 
coarsely  fibrous  growths,  they  have  automorphic  outlines. 

The  largest  spherulites,  like  those  shown  in  frontispiece,  are 
seen  under  the  microscope  to  be  composed  largely  of  granular 
quart::  and  feldspar,  but  not  uncommonly,  especially  near  the 
peripheries,  a  radial  fibrous  structure  can  be  made  out.  The 
granular  texture  is  undoubtedly  due  to  the  recrystallization  of  the 
spherulite.  Perhaps  the  most  striking  of  all  the  spherulite  forms 
are  the  patchy  arborescent  ones  seen  in  a  few  of  these  large  spher- 
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ulites  (Fig.  15).  These  make  up  spherulites  so  large  that  the 
lower  powers  of  the  microscope  bring  only  a  portion  of  the  spher- 
ulite  into  the  field. 

The  eutaxitic  varieties  of  the  aporhyolite  exhibit  a  special  phase 


Fig.    19. 


-Photomicrograph    of   granophvric    intergrowth    about    feldspar    pheno- 
cryst   in   aporhyolite    from    llarcellon    area. 


of  rhyotaxitic  or  fluxion  texture  in  alternating  lenses  or  schliercn, 
which  differ  in  texture  or  in  composition,  or  both.  The  promi- 
nence which  this  texture  now  has  is  explained  largely  by  de- 
vitrification and  by  secondary  coloration,  but  the  original  lenses 
in  the  rock  have  governed  the  distribution  of  the  secondary  prod- 
ucts. 
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V. 

LATER    IXTRUSIVES    AND    EXTRUSIVES. 

In  nearly  all  of  the  areas  the  acid  rock  making  up  the  greater 
mass  of  the  material  is  cut  by  dikes  of  a  somewhat  altered  green- 
ish rock.  In  the  ]\Iarcellon  area,  where  this  type  of  rock  has  its 
greatest  development,  it  has  been  found  to  have  the  composition 


Fig.     20. — rbotomici'ograpli     of     eutaxitic     texture     in     aporhj-o'ite     from     Mar- 
cel I  on  area. 

of  an  augite  andesite.  The  uniform  characteristics  of  these  dikes- 
throughout  the  province  and  a  determination  of  the  silica  in  the 
rock  of  one  of  the  Marquette  dikes  are  grounds  for  believing  that 
none  of  them  varies  much  from  this  composition.  The  dikes  of 
this  rock  cut  the  acid  rocks  at  a  steep  angle,  and  throughout  the 
province  strike  N.  45-90°  E.  At  Alontello  they  vary  in  trend 
only  between  N,  25°  E.  and  X.  90°  E. ;  at  Marquette  they 
run    approximately   X^.   45°    E.,   and    at    Observatory   Hill   their 
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course  is  nearly  clue  east  and  west.  At  Marcellon  a  great  belt 
of  this  rock,  with  a  nearly  uniform  width  of  one  hundred  and 
fifty  feet,  trends  N.  55°  E.  for  the  greater  part  of  its  extent,  but 
has  a  considerably  greater  northing  near  its  southwestern  end. 
This  material  contains  amygdules  and  is  apparently  not  a  dike  at 
all.    At  Taylor's  Farm  the  exposure  of  augite  andesite  is  separated 


Fig.    21. — Photomicrograph    of    ataxitic    texture    in    aporliyolite    from    Marcellon 

area. 


from  the  acid  rock  by  a  shallow  covering,  so  that  its  trend  was 
not  made  out. 

Dikes  of  acid  composition  are  found  at  Observatory  Hill  and  at 
Marquette.  At  the  former  locality  is  found  a  granite  porphyry 
in  two  ramifying  dikes  which  trend  north  and  northeast  respec- 
tively, crossing  the  dikes  of  meta-andesite,  as  well  as  the  earlier 
acid  rocks. 
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VI. 


CONCLUSION. 

The  crystalline  rocks  of  the  province  are  found  at  a  number  of 
places  to  be  unconformably  overlain  by  Potsdam  sandstone,  and 
at  Baraboo  to  lie  beneath  (juartzite  which  has  been  assigned  to  the 
Upper  or  Middle  Huronian.  Their  age,  therefore,  is  certainly 
pre-Cambrian,  and  probably  Archean.  Cutting  the  main  masses 
of  crystalline  rocks  are  intrusions  of  two  different  periods. 

The  analyses  of  the  crystalline  rocks  show  that  the  granites  and 
metarhyolites  of  the  Fox  River  X'alley  agree  closely  in  chemical 
composition.  The  average  of  the  soda-potash  ratios  for  the  va- 
rious areas  is  2.38.  The  later  acid  intrusions  show  high  soda- 
potash  ratios  not  far  from  this  figure.  It  furthermore  appears 
that  the  soda-potash  ratio  is  greater  in  the  eastern  and  western 
parts  of  the  area  than  in  the  central  part.  From  west  to  east  the 
ratios  show  a  diminution  to  the  center  of  the  area,  and  then  an 
increase  to  the  eastern  extremity. 

In  the  zone  bordering  the  granite  on  the  east  and  south,  includ- 
ing the  areas  at  Berlin,  in  the  nurthern  part  of  the  Marquette  area, 
and  that  of  Observatory  Hill,  the  textures  of  the  rock  are  por- 
phyritic  with  in  places  only  faint  traces  of  linear  arrangement 
of  the  magnetite  particles  in  the  groundmass.  In  an  out;r  zone, 
including  L'tley,  the  southeastern  part  of  the  Marquette  area, 
Marcellon,  Endeavor  and  Baraboo.  the  rocks  are  metarhyolites 
showing  beautifully  developed  surface  forms,  breccias,  spheru- 
lites,  etc.  In  other  words,  in  going  outward  from  the  granitic 
areas  in  an  easterly,  southerly,  and  southwesterly  direction,  one 
passes  from  granite  types  through  rocks  (jf  intermediate  texture, 
to  typical  surface  volcanics. 

The  chemical,  mineralogical  and  textural  features  of  the  rocks 
of  the  several  areas  suggest  genetic  relationship.  The  distribu- 
tion of  textures  further  suggests  the  truncation  of  a  volcanic  area, 
the  granite  rocks  representing  the  material  closer  to  the  source 
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of  the  extrusion,  and  therefore  probably  more  deeply  buried,  and 
the  surface  forms  representing  the  rocks  near  the  periphery  of  the 
area.  However,  the  areas  are  so  few  and  widely  separated  that 
■t  may  not  be  said  that  for  the  district  as  a  whole  gradation  in 
texture  is  proved.  Throughout  the  province  no  direct  evidence 
of  the  location  of  a  vent  has  been  found. 

Extensive  degradation  of  the  volcanic  rocks  occurred  previous 
to  the  deposition  of  the  Potsdam  sandstone,  leaving  them  as 
monadnocks  above  the  pre-Cambrian  peneplain. 

The  province  of  the  F"ox  River  X'alley  in  the  age  and  in  the 
peculiar  structural  differentiation  of  its  acid  rocks  presents  many 
analogies  with  that  of  South  ^^lountain.  Pennsylvania,  described 
by  Miss  Bascom,^"  with  that  of  eastern  Missouri,  described  by 
Haworth.^'  and  with  the  Fox  Islands  on  the  coast  of  Maine,  de- 
scribed by  Smith.'-  Other  areas  of  pre-Cambrian  volcanic  rocks 
are  reviewed  in  a  paper  by  the  late  Professor  George  H.  Wil- 
liams, entitled  "The  Distribution  of  Ancient  \'olcanic  Rocks  along 
the  Eastern  Border  of  North  America."  '■'■ 


^^  The  Aucieut  Volcanic  Rocks  of  South  Mountain,  Pa.,  l5y  Miss  Florence  Bas- 
com.  Bull.  U.  S.  Geol.  Survey.  Xo.  162,  180(5.  pp.  1-124.      With  plates. 

"  The  ("rystalline  Rocks  of  Missouri,   by  Erasmus  Haworth.   Reports   Missouri 
Geol.    Survey.   Vo  .   VIII.    180.->.   pp.    1-222.     With   plates. 

1-  The   geology    of   the   Fox    Islands,    Maine,    by    George   Otis    Smith.    Tnaug. 
Diss.  .lohns  Hopkins  University,  1S96. 

"Journal  of  (Jeoloey,  Vol.  II,  1894,  pp.  1-31. 
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THE  ORGANIZATION  OF  CERTAIN  COENOBIC  PLANTS 


The  importance  of  the  cell  theory  in  its  relation  to  the  inter- 
pretation of  the  facts  of  morphogenesis  and  heredity  is  still 
quite  variously  estimated.  Hertwig,  De  Vries  and  others  ac- 
cept it  as  a  fundamental  fact,  perhaps  the  most  fiuidamental 
biological  fact.  Hertwig  insists  that  the  validity  of  all  hypoth- 
eses as  to  liei-edity  and  development  must  be  estimated  from 
the  standpoint  of  their  agreement  or  disagreement  with  the 
cell  theor^'.  Driesch,  Schneider,  Reinke,  and  the  vitalists  of 
coui-se,  are  relatively  indifferent  to  the  doctrine,  since  in  all 
cases,  according  to  their  conceptions,  formative  principles, 
entelechies,  etc..  inhere  in  the  individual  as  such  whether  it  be 
imi-  or  multicellular. 

A  still  further  group  assume  directly  that  the  organization 
of  the  living  substance  is  supercellular  or  noncellular.  In  the 
moiphogenetic  processes  which  develop  root,  stem,  leaf  and 
other  organs,  for  example,  cell  boundaries  are  held  to  be  of 
minor  and  secondary  significance. 

Hofmeister's  doctrine  of  the  growth  and  morphogenetic  dif- 
ferentiation of  parts  and  organs  as  due  to  the  flow  of  the  pro- 
toplasm in  this  or  that  direction,  is  a  good  example  of  an  attempt 
to  explain  the  manifold  structures  of  the  metaphyte  as  a  result 
of  the  presence  of  a  supercellular  or  noncellular  organization  of 
the  plant  as  a  whole.  If  the  protoplasmic  stream  maintains 
equal  transverse  diameters  a  cylindrical  stem  or  root  results.  If 
the  stream  is  flattened  out,  a  leaf  results.  Direct  comparison  is 
made  of  the  growth  of  a  root  to  that  of  a  filament  of  Vaucheria 
and  of  a  leaf,  to  that  of  Valonia.  Hofmeister  maintains  directly 
that  "the  growth  of  the  individual  cells  of  a  growing  point  is 
controlled  and  conditioned  by  the  growth  of  the  entire  vegeta- 
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tive  point  whether  it  be  striving  toward  increased  size  alone 
or  toward  the  development  of  a  particular  shape."  The  for- 
mation of  new  cells  in  a  growing  point  is  then  a  function  of 
the  general  growth,  not  its  cause. 

Hofmeister  conceives  that  the  planes  of  cell  division  in  a 
growing  point  are  determined  under  the  direction  of  this  same 
law.  The  cell  plate  is  formed  at  right  angles  to  the  direction  of 
the  most  intensive  preceding  gro'wth.  The  form  of  an  organ 
-and  its  growth  are  determined  by  flov/age  of  protoplasm  in  defi- 
nite directions  and  this  same  flowage  determines  the  position 
of  the  cell  plate.  No  such  flow  of  protoplasm  is  of  coui*se  visible 
in  a  root  tip  or  other  growing  region. 

Sachs '  theory-  of  the  mechanomorphoses  is  a  much  more  elabor- 
ate attempt  at  the  establishment  of  a  supercellular  or  non- 
cellular  organization  in  both  protoph^i;es  and  metaphytes. 
Sachs '  claims  on  direct  empirical  grounds  to  have  discovered 
the  necessity  of  assuming  the  existence  of  the  principle  of  the 
rectangulai'  intersection  of  cell  walls  as  a  form-determining 
factor  in  all  growing  points.  For  example,  the  protoplasm  of 
the  root  tip  takes  the  fonn  of  a.  cone  and  cutting  itself  up  into 
cells,  the  anticlinal  and  periclinal  cell  walls  form  in  section  two 
systems  of  confocal  parabolas  intersecting  at  right  angles.  The 
principle  of  rectangular  intersection  is  a  fundamental  growth 
principle  in  all  growing  regions — a  mechanomorphosis. 

Sachs  proposes'  a  series  of  further  mechanomorphoses  deter- 
mining various  fundamental  life  processes  in  entire  independence 
of  the  cell  units  as  such.  Conceptions  such  as  these  of  Sachs 
and  Hofmeister  pass  easily  into  those  of  a  pronounced  vitalism 
and.  as  noted,  adherents  of  vitalistic  theories  are  to  be  classed 
generally  with  those  who  fail  to  distinguish  sharply  between  the 
organization  of  the  cell  and  that  of  the  many-celled  organism. 

A  further  group  adhering  to  the  mosaic  theory-  of  cell  organ- 
ization in  its  more  modern  forms  affirm  directly  the  essential 
identity  or  at  least  similarity  of  the  organization  of  the  cell  and 
the  many-celled  organism,  basing  their  conceptions  largely  on 
the  discoveries'  of  pre-embryonic  arrangements  of  the  materials 
of  the  animal  egg  by  which  various  tissue-  and  organ-building 
stuffs  are  segregated. 
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To  many,  of  coui*se,  a  discussion  of  the  morphogenetic  pro- 
cesses involved  in  the  development  of  the  germ  cell  into  the 
adult  organism  means  nothing  but  a  review  of  the  old  antithesis 
of  preformation  or  epigenesis.  We  shall  do  well,  however,  in 
my  opinion,  to  adopt  here  with  a  slight  change  in  application, 
a  nomenclatorial  principle  recently  very  well  stated  in  con- 
nection with  the  problem  of  species  naming,  and  avoid  the 
resurrection  of  ancient  appellatives  for  present  day  concepts 
unless  the  identification  of  the  appellative  in  its  old  and  its 
proposed  use  is  determined  beyond  reasonable  question. 

It  seems  possible  at  present  in  the  light  of  the  known  facts  of 
cell  structure  to  discuss  the  problems  of  the  development  of 
the  geiin  cells  into  the  adult,  avoiding  both  of  the  old  alterna- 
tives. It  is  plain  that  those  who  assert  the  similarity  of  organ- 
ization of  the  cell  and  the  multicellular  body  are  taking  no 
mere  generalized  view  of  the  question  as  did  the  old  preforma- 
tionists.  The  resemblances  between  the  cell  and  the  metaphyte 
as  a  Avhole  are  certainly  not  on  the  surface.  Any  aniage  in 
the  germ  cell  is  at  least  not  more  than  "metidentical"  with  the 
characteristic  of  the  adult  which  it  represents. 

In  view  of  the  tendency  to  discuss  the  mosaic  theory'  purely 
from  the  standpoint  of  obser\'ations  on  highly  specialized  ani- 
mal eggs  with  large  and  differentiated  yolk  masses,  it  is  per- 
haps worth  while  for  the  sake  of  bringing  the  question  clearly 
into  view  to  make  a  brief  comparison  of  the  organization  of 
the  cell  as  known  today  with  the  organization  of  some  very 
simple  metaphA-tic  plant. 

We  may  take  Rabl's  figure  as  representing  in  general  the 
more  essential  of  the  known  facts  of  cell  organization.  The 
cell  according  to  this  view,  is  typically  a  rounded  or  oval  but 
polarized  structure  with  special  parts  or  organs,  the  nucleus, 
centrosome,  chromatin,  cji:oplasm,  etc.  In  reproduction  it  shows 
a  differentiation  of  more  permanent  parts,  the  chromosomes, 
which  are  passed  on  from  one  cell  generation  to  another  with 
little  visible  change,  and  a  more  transient  active  mechanism,  the 
spindle  figure  which  for  the  most  part  at  least  appears  and  dis- 
appears with  the  need  for  its  particular  functions. 

The  mass  of  accumulated  and  well-established  facts  of  this 
sort  is  laree  and  we  mav  sav  the  general  organization  of  the- 
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cell  is  being  gradually  well-determined  and  understood.  It  is 
^ell  to  note  that  these  general  facts  of  organization  characterize 
'the  germ  cells  at  least  of  all  organisms  from  the  simplest  to  the 
most  complex.  The  cell  of  the  mildew,  for  example,  duplicates 
all  the  essential  features  of  E-abl's  figure.  The  germ  cell  of 
'the  water  net,  a  simple  coenobic  alga,  shows  the  same  general 
structure,  with  nucleus  and  cytoplasm,  chromosomes  and  cen- 
trosomes,  having  the  same  general  relations  and  functions  as 
the  cell  of  the  most  specialized  animal  types. 

We  may  take  now,  for  comparison,  the  organization  of  the 
adult  fonn  of  this  same  water  net,  an  extremely  simple  coenobic 
metaphyte  in  which  the  fundamentals  of  organization  should  be 
readily  observable.  It  is  an  oblong,  hollow  sack  made  up  of  polyg- 
onal meshes  each  of  whose  sides  is  a  single  cell. 

It  is  plain  that  a  resemblance  to  or  representation  of  the  or- 
ganization of  the  water  net  as  a  Avhole  in  the  cell  of  the  water 
net,  is  to  be  found,  if  at  all,  in  some  deeper  and  ultra-micro- 
scopic structural  elements,  and  it  is  here  in  pangens  or  deter- 
minants that  such  a  correspondence  i&'  assumed  to  exist.  Such 
an  assmnption  regarding  ultimate  units  of  living  sub.stance  is,  of 
course,  hypothetical  and  is  made  as  an  explanation  of  the  fact 
that  the  germ  cell  developes  into  an  entire  net. 

There  is  much  to  be  said  in  favor  of  the  simpler  types  of 
many-celled  organisms  as  material  for  the  study  of  these  prob- 
lems of  organization.  We  should  especially  hope  to  get  light 
on  the  nature  of  the  organization  of  the  metazoan  and  meta- 
phytic  types  by  a  study  of  those  forms  which  represent  the 
transition  from  the  unicellular  to  the  multicellular  organism. 
It  is  natural  to  expect  that  in  these  earliest,  simplest  cell  ag- 
gregates the  principles  of  their  combination  and  interrelation- 
ship will  be  most  easily  discoverable. 

We  are  confronted  With  all  stages  of  cell  aggregates  from 
those  which  are  merely  temporary'  to  and  through  those  which 
are  permanent,  and  without  any  division  of  labor  and  special- 
ization in  structure  of  the  cells  up  to  forms  in  which  specializa- 
tion of  tissues  and  organs  is  .just  beginning  to  appear.  Types 
in  these  latter  two  stages  of  development,  may  be  loosely  char- 
acterized as  coenobic  plants.  They  are  found  in  widely  sepa- 
■rated  groups  of  algae  and  fungi    and    it    appeal's    that    this 
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transitional  stage  in  development  affords  sufficient  advantages 
and  adaptations  to  enable  its  representatives  to  perpetuate 
themselves  indefinitely. 

Certain  of  these  simplest  cell  aggregates  are  especially  well 
fitted  to  afford  us  definite  conceptions  on  the  point  as  to  whether 
the  metaphytic  organism  is  to  be  regarded  primarily  as  a  colony 
of  individual  cells.  In  the  plant  kingdom  we  have  an  extraor- 
dinarily abimdant  and  varied  series  of  these  forms  which  are 
intermediate  between  the  unicellular  and  differentiated  mul- 
ticellular tj^es.  It  is  of  course  not  to  be  expected  that  these 
simple  coenobes  will  illustrate  all  the  principles  of  organization 
manifested  in  the  gro^\'th  of  an  oak  from  its  egg.  On  the  other 
hand,  we  may  fairly  expect  to  find  in  them  the  same  morpho- 
genetic  processes  as  in  higher  types. 

The  water  net  just  referred  to  (Hydrodictyon  utriculatum) 
is  one  of  the  most  familiar  of  these  t^'pes.  which  by  reason  of 
its  large  size,  strikingly  definite  structure,  and  universal  oc- 
currence in  Europe  and  North  America  has  been  a  favorite 
object  of  study  both  from  the  physiological  and  structural 
standpoint.  Its  life  history  and  cell  structure  do%\Ti  to  the 
cytological  details  of  cell  and  nuclear  division  and  starch  for- 
mation are  known  to  us  through  the  researches  of  a  long  series 
of  workers,  among  whom  may  be  mentioned.  Treviranus.  Vaucher, 
von  Mohl,  Al.  Braun,  Pringsheim.  Klebs  and  Timberlake,  and  we 
have  here  a  mass  of  confirmed  and  accepted  facts  which  may 
be  utilized  in  a  discussion  of  the  morphogenetic  problems  in- 
volved in  the  development  of  the  adult  net  from  the  swarm- 
spore.  Naturally  enough  attention  has  recently  centered  on 
the  structure  of  the  cells  and  the  method  of  their  reproduction, 
and  relatively  little  attention  has  been  given  to  the  details  of 
the  organization  of  the  net  as  a  whole  and  the  method  of  its 
formation.  I  have  continued  its  study  in  this  line  with  a  view 
to  determining  the  more  exact  relations  of  the  cells  to  each 
other  and  to  the  whole  net  and  the  method  by  which  the  net 
as  a  whole  is  produced  from  the  swarmspores. 

In  the  adult  condition,  the  net  is  an  oblong  or  cylindrical 
hollow  sack,  rounded  at  the  ends,  and  some  six  to  eight  or  more 
times  as  long  as  it  is  broad.  The  meshes  are  ordinarily  des- 
cribed as  polvgons  with  from  three  to  six  sides.     Cohn's  figure 
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is  commonly  reproduced  and  shows  the  sides  of  the  meshes, 
varying  from  three  to  six  or  more  and  the  cells  of  very  unequal 
length.     The  figure  is,  of  course,  schematic. 

The  nets  as  foimd  about  Madison  in  the  lakes  and  in  tanks 
in  the  greenhouse  are  very  variable  in  size.  In  many  cases 
they  attain  only  a  length  of  a  few  centimeters  before  producing 
swarmspores.  In  other  more  favored  localities  nets  a  meter  in 
length  and  six  to  eight  centimeters  in  breadth  are  found.  These 
giant  nets  are  usually  found  in  openings  amongst  the  rushes  in 
rather  still  waters.  They  regularly  show  a  large  gas  bubble  in 
one  end  which  is  thus  floated  up  to  the  surface,  while  the  other 
end  drags  on  the  bottom.  The  tendency  to  imprison  the  oxy- 
gen liberated  in  light  assimilation  is  shown  by  all  the  nets  and 
the  younger  ones  are  regularly  floated  on  the  surface  of  the 
water  by  the  large  bubbles  which  accumulate  in  their  interior. 

The  normal  life  cycle  may  be  summarized  as  follows:  after 
a  period  of  vegetative  growth  each  cell  of  the  net  may  produce 
from  7,000  to  20,000  swarmspores  w^hich  immediately  form  a 
new  net  in  the  interior  of  the  mother  cell.  After  a  period  of 
such  asexual  reproduction  the  cells  may  produce  smaller  and 
more  numerous  motile  gametes  which  conjugate  to  form  zygo- 
spores. 

Pringsheim  worked  out  the  development  of  the  zygospores 
and  describes  the  stages  as  follows':  after  a  resting  period  they 
germinate  by  gro'«i;h  and  after  considerable  enlargement  form 
a  few  very  large  swarmspores.  These  in  turn  produce  in  their 
further  development  the  curious  spinous  polyeders  and  in  these 
in  turn  by  the  ordinary  methods  of  asexual  reproduction  small 
and  veiy  irregular  nets  of  only  200 — 300  cells  are  formed. 
These  in  the  course  of  a  few  asexual  cycles  return  to  the  full- 
sized  regular  nets. 

An  extensive  statistical  study  of  the  possible  numbers  of 
sides  of  the  meshes  and  the  relative  numbers  of  meshes  with 
each  given  number  of  sides  was  made  by  a  student,  Miss  R. 
Allen,  Avorking  in  the  Wisconsin  laboratory,  and  are  embodied 
in  a  thesis  presented  for  the  B.  S.  degree  in  1905.  The  results 
of  this  study  are  given  below  in  tabular  form.  Countings  of 
from  200  to  3,000  meshes  in  a  dozen  nets  were  made  and  the 
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results  calculated  in  the  form  of  per  cents  of  the  different  poly- 
gons found. 

TABLE  1. 
Orgamzatio:^  of  Hydrodietyon. 
From  Miss  R.  Allen's  Thesis,  '05. 


Number  of  cells  in  a  mesh. 

Per  cent  in  different 
nets  runs 

Total  av. 
in  per  cent. 

3           

from. 
1 

26 

S6 

i 

to. 

2 

13 

37 

50 

17 

6 

5 

1-1- 

4     

8-r 

29— 

6     

43— 

7       

12— 

8     

4+ 

8+ 

9 

Occasional  eases  of  two-sided  meshes'  formed  by  curved  cells 
are  found,  but  these  are  plainly  abnormal  and  result  from  some 
disturbance  of  the  ordinary'  processes  of  mesh  formation.  The 
bulk  of  the  meshes  have  from  three  to  eight  sides  and  in  the 
case  of  the  few  meshes  found  -with  more  than  eight  sides,  and 
in  the  case  of  many  of  those  which  are  octagonal,  it  is  always 
possible  that  the  opening  has  been  produced  by  the  destruction 
of  certain  cells  after  the  net  had  been  formed. 

It  is  found  at  onc«  from  such  a  study  that  the  pentagonal 
and  hexagonal  meshes  are  decidedly  the  predominant  types. 
Forty-three  per  cent,  are  hexagons  and  twenty-nine  per  cent,  are 
pentagons. 

There  are,  however,  a  sufficient  number  of  tetragons,  eight 
per  cent.,  heptagons,  twelve  per  cent.,  and  octagons,  four  per 
cent.,  to  show  that  all  these  forms  are  also  regular  and  pre- 
sumptively necessary  constituents  of  the  net. 

The  countings  from  each  net  were  averaged  separately  and 
the  results  are  given  in  columns  two  and  three.  We  find  here 
that  the  individual  nets  varv'  considerably  as  to  the  per  cent,  of 
any  particular  form  of  mesh  found  in  them.  The  number  of 
tetragons  varied  from  seven  to  thirteen  per  cent,  in  different 
nets ;  the  number  of  octagons  from  one  per  cent,  to  six  per 
cent ;  the  number  of  heptagons  from  seven  per  cent,  to  seventeen 
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per  cent.  Still  greater  variation  is  found  in  the  percentages 
of  the  two  principal  types  of  ineshes,  the  hexagons  varjdng  from 
thirtj^-six  per  cent,  to  fifty  per  cent.,  and  the  pentagons  from 
twenty-six  to  thirty-seven  per  cent,  in  different  nets. 

A  strong  tendenc}"  to  the  formation  of  hexagons  is  shown  by 
these  figures,  as  high  as  one  half  the  meshes  having  this  form  in 
certain  cases.  The  ideal  net  from  the  standpoint  of  economy 
of  materials,  combined  with  greatest  possible  strength  and  elas- 
ticity, would  be  of  course  composed  entirely  of  regular  hexa- 
gons like  the  section  of  a  honeycomb,  and  if  there  were  any 
mechanomorphosis  capable  of  mathematical  expression  which 
controls  the  organization  of  Hydrodictyon  we  might  expect 
that  such  a  result  would  at  least  occasionally  be  achieved. 

On  the  other  hand,  there  are  evidently  conditions  at  work 
which  have  favored  the  formation  of  pentagons  and  hexagons 
and  have  thus  partially  achieved  a  purposeful  result.  The 
variations  in  the  form  of  the  polj'gons  do  not  conform  entirely 
to  the  laws  of  chance. 

For  a  more  careful  study  of  the  organization  of  the  adult  and 
partly  grown  nets,  I  have  made  a  series  of  photographs  mth 
Zeiss  micro-planars,  50  mm.  and  20  mm.  and  the  8  and  16 
mm.  apochromatic  objectives  with  length  of  bellows  giving  a 
magnification  of  from  20-60  diameters.  In  a  few  cases  the  nets 
were  split  and  the  halves  flattened  between  a  cover  glass  and 
slide,  but  in  most  cases  the  entire  net  was  mounted  in  a  hollowed 
slide  so  that  it  floated  freely  in  the  water  without  compression. 
The  lens  was  focused  on  the  nearer  surface  and  in  some  cases 
the  meshes  on  the  farther  side  appear  as  more  or  less  hazy  out- 
lines. Care  was  taken  not  to  distort  or  tear  the  nets  in  mount- 
ing them,  though  one  finds  in  working  with  them  that  they  are 
quite  rigid  and  elastic  structures,  and  that  the  cells  break  rather ; 
than  glide  upon  each  other  at  the  ends,  so  as  to  permanently 
distort  the  meshes. 

In  such  photographs  the  size  and  shape  of  the  meshes,  rela- 
tive length  of  the  cells.,  the  angles  at  which  they  meet,  etc.,  can 
be  determined  and  measured  much  more  readily  and  exactly 
than  from  the  nets  themselves  under  the  microscope.  To  get 
the  required  magnification  for  convenient  study  of  the  meshes 
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only  a  small  part  of  any  one  net  could  be  included  on  a  single 
photographic  plate.  As  a  rule,  only  one  photograph  was  made 
from  each  net.  The  nets  were  taken  from  the  tanks  in  which 
they  were  growing  without  any  microscopie  examination,  and 
the  part  of  the  net  to  be  photographed  was  selected  merely  on 
the  basis  of  its  general  freedom  from  breaks  or  teai-s.  and  the 
bubbles  of  gas  which  are  fi^equently  present  in  the  interior  of 
the  net.  The  percentage  of  meshes  of  the  various  forms  shown 
in  a  number  of  the  photographs  so  obtained  are  given  in  the  fol- 
lowing table: 

TABLE  2. 

Percentage  of  Different  Meshes  in  Portions  of  Nets 
Photographed . 


No.  of 
sides. 


Net  1. 
Net  2 
Net  3. 
Net  4. 
Net  5. 
Net  6. 
Net  7. 
Net  8. 
Net  9 
Net  10. 
Net  11. 
Net  12. 
Net  1.3. 
Net  14. 
Net  15 
Net  16. 
Net  17 
Net  18. 
Net  19. 
Net  20. 
Net  21 . 
Net  22 
Net  23. 
Net  24. 
Net  2.5 . 
Net  26. 
Net  27. 
Net  2S. 


Per  ct. 


1+ 


1+ 


1— 

1+ 


3-i- 
6+ 
1+ 
1+ 
7+ 
1— 
1+ 


1+ 
1— 
1— 
1— 


1+ 
1— 

2+ 


i. 


Per  ct. 

7+ 
4+ 
3+ 
5+ 

13+ 
1+ 
7 — 
5 — 
7+ 
4+ 

16-1- 

14+ 

26+ 
9— 
6+ 

13+ 
4+ 

11— 
4+ 
4— 
2+ 
5+ 

10+ 
5+ 

10— 
3+ 

10- 
1+ 


Per  ct. 

30+ 
36+ 
34+ 
30+ 
34— 
40+ 
34+ 
31+ 
33+ 
26+ 
42+ 
31+ 
31+ 
34- 
30+ 
38+ 
30+ 
26+ 
24— 
27+ 
22+ 
2ft+ 
28— 
38— 
36— 
28— 
31+ 
18+ 


Per  ct. 

50+ 
47-^ 
44+ 
50+ 
39+ 
40+ 
45+ 
40+ 
47+ 
60+ 
26+ 
32-h 
20-^ 
40+ 
38— 
29+ 
4.5-r 

35+ 
4.5— 
42+ 
50+ 
46+ 
40— 
37+ 
37— 
32+ 
36— 
46-!- 


Per  ct. 

7+ 
8+ 
14+ 
12-f- 
10 

1.5— 
11+ 
18+ 
8+ 
8+ 
9+ 
14+ 
11+ 
12+ 
18+ 
9— 
14+ 
16+ 


9. 


Per  ct.  Per  ct. 


3+ 

9J_ 

3+ 
1+ 
3+ 
1— 
3+ 
1— 
2+ 


3+ 
2— 
1+ 
3— 
4+ 
2+ 
3+ 
6— 


22— 

3+ 

21+ 

4— 

18+ 

5+ 

15+ 

4+ 

15+ 

4+ 

14— 

4+ 

11+ 

4+ 

21+ 

4+ 

16+ 

1— 

21+ 

7+ 

1+ 
1- 


1+ 


1+ 
1+ 


5+ 
3+ 


10. 


I  Meshes 
couated. 


Per  ct. 


1-r 


4- 

'i+' 


81 
68 
164 
230 
230 
149 
222 
223 
69 
23 
307 
293 
112 
136 
266 
167 
:«l 
338 
188 
177 
218 
215 
258 
237 
109 
1.57 
130 
94 


From  certain  of  the  microphotographic  negatives  so  obtained 
enlargements  were  made  on  bromide  paper  in  which  the  details' 
of  structui'e  may  be  still  more  readily  and  exactlj*  studied  and 
the  structural  elements  measured.  If  we  examine  any  one  of 
these  photographs  as  to  the  distribution  of  the  ditferent  forms 
of  meshes,  we  find  an  apparently  indiscriminate  mingling  of 
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the  polygons  of  all  numbers  of  sides  from  four  to  eight  or  nine. 
Around  any  given  hexagonal  mesh,  five,  six  and  seven  sided 
meshes  may  be  found.  For  example,  in  net  3  (Fig.  1).  boimd- 
ing  the  seven  sided  mesh  No.  7.  we  have  four  hexagons  and 
three  pentagons.  Bounding  the  hexagonal  mesh  8  we  have  five 
hexagons  and  one  pentagon,  but  around  the  hexagonal  mesh  9 
we  have  two  hexagons,  two  pentagons,  a  heptagon,  and  an  octa- 
gon. Around  the  tetragon  Xo.  10  we  have  two  hexagons  and 
two  pentagons'.  This  shows  that  the  different  meshes  are  not 
grouped  in  any  characteristic  fashion.  There  is  no  part  of  the 
net  to  be  foimd  vrhich  comes  perceptibly  nearer  to  the  ideal 
one  of  regular  hexagons  than  any  other  part.  There  is  no  evi- 
dence that  in  any  region  the  enviromental  conditions  have  hap- 
pened to  be  so  uniform  that  perfect  regularity  results,  nor  that 
any  fundamental  morphogenetic  principle  is  concerned  Avhich 
in  some  regions  has  come  to  full  expression  in  a  uniform  re- 
sult. 

In  net  2,  (Fig.  2).  the  included  angles  a,  b,  c,  d,  e.  in  the  pen- 
tagon Xo.  1  measure  respectively  al08°,  bllO°,  cllO°.  dl04°, 
el08°,  a  variation  of  4°  in  the  extreme  from  108°,  the  included 
angle  of  a  regular  pentagon.  The  included  angles  a,  b,  c.  d,  e, 
f,  of  the  hexagon  Xo.  2  measure  respectively  all9°,  bll8°, 
cll9°.  dll8°,  el23°  and  fl23  =  .  a  variation  of  3°  in  the  ex- 
treme from  120°.  the  included  angle  of  a  regular  hexagon. 
In  the  heptagon  X'o.  3  the  included  angles  measure  as  foUows: 
al30°,  bl34°.  cl06^°.  dl62i^°,  el03>^°,  fl48°.  gll5i^°. 
The  extreme  variation  here  from  128* Z^",  the  included  angle 
of  a  regular  heptagon,  is  about  34°.  It  foUows  necessarily  from 
the  irregular  mixing  of  the  various  meshes  that  they  must  be 
practically  all  irregular  polygons.  This  is  conspicuous  to  the 
eye  at  a  glance,  and  the  inequality  of  the  included  angles  is 
most  striking.  Apparently  all  the  figures  share  this  quality 
alike.  The  irregularity  of  hexagons,  pentagons,  and  tetragons 
is  about  equally  conspicuous.  There  is,  however,  occasionally 
an  approximately  regular  figure,  and  it  might  seem  that  such 
cases  are  a  little  more  common  among  pentagons  and  hexagons 
than  among  tetragons  or  heptagons,  but  more  careful  obser- 
vation shows  that  this  is  merely  due  to  the  greater  abimdance 
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of  the  former  types,  and  there  can  be  no  doubt  that  approxi- 
mately regular  tetragons  and  heptagons  are  about  as  common  in 
proportion  to  their  total  numbers  as  are  approximately  regu- 
lar pentagons  and  hexagons.  In  net  No.  3,  for  example,  an  ap- 
proximately regular  tetragon  and  three  approximately  regular 
heptagons  are  shown  out  of  a  total  of  five  tetragons  and  twenty- 
four  heptagons  shown  in  the  field. 

I  have  imdertaken  no  more  exact  computations  on  this  point 
since  in  every  case  the  approach  to  regularity  is  only  approx- 
imate and  comparisons,  in  which  the  terms  must  be  defined  by 
an  arbitrarily  assumed  limit  of  variability  while  in  reality  the 
series  of  forms  varies  continuously  from  approximate  regular- 
ity to  extremes  of  irregularity,  can  have  little  significance. 

It  is  to  be  noted  that  the  irregularity  of  the  polygons  is  not 
only  in  their  included  angles  but  in  the  length  of  their  sides, 
though  this  latter  fact  is  perhaps  not  so  conspicuous  to  the  eye. 
Measurements  indicate  that  the  nmuber  of  sides  of  the  polygon 
is  not  definitely  correlated  with  the  length  of  the  cells  which 
bound  it.  though  there  may  be  a  slight  tendency  to  shorter  cells 
in  the  polygons  with  seven  or  more  sides.  In  the  unbroken 
meshes  at  least  75  per  cent,  of  the  cells  vary  less  than  1  per 
cent,  from  the  average  length,  the  remainder  may  vary  as  much 
as  10  per  cent,  to  20  per  cent,  from  the  average.  In  the  case  of 
cells  with  one  free  end  the  results  are  sometimes  quite  differ- 
ent, and  in  old  nets  where  growth  is  nearly  complete,  such  cells 
are  uniformly  shorter  than  the  average.  In  net  No.  9  the  two 
cells  with  free  ends  are  respectively  15  per  cent,  and  20  per 
cent,  shorter  than  the  average  length  of  the  adjacent  cells. 

The  high  per  cent,  of  hexagons  and  pentagons  in  the  nets 
brings  Avith  it  one  conspicuoiLS  and  constant  feature.  In  nets 
1  and  2  in  about  85  per  cent,  of  the  cases  three  cells  meet  at 
each  angle  of  the  meshes  against  12  per  cent,  to  13  per  cent,  of 
points  in  which  four  cells  meet,  and  only  2  per  cent,  or  3  per 
cent,  of  points  in  which  two  cells  meet.  The  points  where  four 
cells  meet  are  of  course  prevailingly  correlated  with  the  three- 
and  four-sided  meshes,  and  the  points  where  two  cells  meet  with 
the  larger  seven-  and  eight-sided  meshes. 

If  we  attempt  to  determine  the  relative  strain  borne  by  each 
cell  in  such  a  svstem.  we  are  confronted  with  a  most  complex 
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but  interesting  series  of  conditions.  In  a  net  of  unifomi  and 
regular  meshes  floating  in  a  medium  of  the  same  specific  grav- 
ity as  itself,  the  principal  stresses  would  arise  from  waves  and 
currents,  and  would  on  the  whole  be  approximately  equally 
distributed  so  that  each  cell  would  be  required  to  stand  the  same 
amount  of  strain.  As  a  matter  of  fact,  however,  the  Hydro- 
diet  yo)i  net  is  slightly  heavier  than  the  water  and  is  only  buoyed 
up  by  imprisoned  gas  bubbles:  the  weight  of  the  net  in  water 
will  be  a  factor  in  determining  the  strain  carried  by  each  cell, 
and  further  the  distribution  of  the  weight  -vnll  depend  on  the 
position  of  the  net  in  the  water,  the  position  of  the  supporting 
gas  bubbles,  etc.  In  addition  to  these  variable  factore,  how- 
ever, we  have  the  variable  size  and  shape  of  the  meshes  and  the 
varying  lengths  of  the  cells  themselves,  all  of  which  are  factors 
influencing  the  relative  strain  each  cell  will  be  subjected  to  in 
supporting  the  net  and  resisting  the  push  and  pull  of  waves 
and  water  currents.  The  influence  of  these  variable  factors  will 
of  course  be  greatest  in  the  immediate  suiToundings  of  any  par- 
ticular cell,  and  will  diminish  in  their  importance  for  that  cell 
with  increased  distance  from  it. 

If  in  the  case  of  any  pai'ticular  cell  we  regard  the  axes  of  the 
adjacent  cells  as  the  lines  of  thrust  or  pull  acting  upon  it  and 
determine  the  resultants  (Fig.  3)  of  these  stresses  as  applied 
to  each  end  of  the  cell  in  question,  we  shall  find  of  couree  that 
these  resultants  almost  never  coincide.  In  such  a  series  of  ir- 
regular meshes  each  cell  is  of  necessity  under  unequal  and 
more  or  less  divergent  strains  from  its  opposite  ends. 

It  is  plain,  hoAvever,  that  the  cell  in  every  case  tends  to  take 
a  form  and  occupy  a  position  which  is  in  turn  the  resultant  of 
the  total  strains  upon  it.  This  result  is,  however,  by  no  means 
always  achieved;  and  yet  the  cells  are  strong  enough  under  or- 
dinary' circumstances  to  resist  the  stresses  brought  to  bear 
upon  them,  without  being  most  advantageously  placed  to  do  so. 
When  the  cells  are  curved  it  is  very  commonly  in  the  direc- 
tion of  the  resultants  of  the  thrusts  upon  their  opposite  ends. 

It  is  plain  that  in  such  a  system  the  loads  and  stresses  to 
which  the  individual  cells  are  subjected  as  units  vary  to  a  con- 
siderable degree,  and  in  view  of  the  Imo-wTi  influence  of  tension 
and  pressure  upon  growth  it  becomes  a  question  of  some  inter- 
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est  to  laiQw  in  the  case  of  any  two  cells  of  imequal  length  what 
relative  portions  of  the  stresses  of  the  net  as  a  whole  they  each 
support. 

In  view  of  the  data  as  to  the  influence  of  pressure  in  deter- 
mining the  axis  of  growth  of  the  swannspores  which  we  find 
in  studying  the  development  of  the  net,  the  suggestion  is  strongly 
given  that  the  relative  length  of  the  cells  of  the  adult  net 
should  be  correlated  at  least  in  some  degree  with  the  relative 
degrees  of  tension  and  pressure  to  which  they  are  exposed.  In 
a  net  of  such  variable  meshes  the  problem  is.  however,  too  com- 
plicated to  be  settled  by  direct  determination  of  the  relative 
stresvses  to  which  each  cell  may  be  subjected. 

The  Hydrodktuo)i  net,  in  spite  of  its  irregularities,  is,  as 
noted  above,  a  highly  adapted  and  specialized  structure  from  the 
standpoint  of  its  rigidity,  elasticit}'  and  the  distribution  it  gives 
its  cells.  The  high  percentage  of  pentagons  and  hexagons  taken 
together,  bring  it  well  up  toward  the  standard  of  a  successful 
construction  from  an  engineering  standpoint  both  for  economy 
and  distribution  of  material. 

On  the  other  hand  it  conforms  in  no  respect  to  the  require- 
ments for  an  ideal  construction  for  its  purpose  which  should 
consist  of  equal  and  regular  hexagons  or  for  greater  strength 
of  triangles.  The  nets  are  subjected  to  both  longitudinal  and 
transverse  bending  and  stretching  stresses  from  the  waves  and 
currents  and  old  nets  are  always  more  or  less  torn  and  de- 
formed, showing  that  any  increase  in  rigidity  and  elasticity 
would  be  an  advantage.  Whether  the  nets  are  being  improved 
and  approaching  the  ideal  form  is  not  easy  to  determine. 

Still  it  is  plain  that  the  organization  of  the  net  as  it  is  at 
present,  affords  great  advantages  over  the  habits  of  life  of  its 
protoplni:e  ancestors.  The  individual  cells  of  the  net  sup- 
ported and  anchored  as  they  are  in  a  fashion  to  allow  the  free 
circulation  of  Avater  aroimd  them  and  floated  up  by  the  gas  hub- 
bias  imprisoned  in  the  interior  are  quite  ideally  placed  for  all 
the  processes  of  feeding,  breathing,  light  assimilation  and  re- 
moval of  waste  materials. 

Our  question  now  is.  how  is  this  organization  of  the  adult 
net  achieved  in  the  case  of  each  individual,  and  how  is  the 
capacity  to  produce  such  a  net  transmitted  in  heredity?     Let 
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US  trace  the  stages  of  reproduction  in  the  net  with  a  view  to  de- 
termining the  factors  in  its  genesis.  As  noted,  the  adult  col- 
ony is  a  strict  coenobe.  The  cells  are  all  alike  and  are  toti- 
potent— each  capable  of  reproducing  the  entire  organism. 
Klebs  has  brought  a  great  deal  of  evidence  to  show  that  the 
cells  are  entirely  plastic  as  to  the  time  when  reproduction  shall 
occur.  According  to  Klebs  it  is  a  matter  of  environment  wholly 
which  determines  how  long  the  cells  shall  grow  before  they 
reproduce  themselves.  Whether  sexual  or  asexual  reproduction 
shall  occur  he  also  holds  is  a  matter  of  environmental  stimu- 
lus. I  shall  not  recapitulate  his  evidence  here  since  in  any 
case  it  is  clear  that  any  predetermined  cyclic  succession  in  the 
alternation  of  vegetative  growth  and  reproduction  would  be  an 
expression  of  intracellular  organization  while  we  are  concerned 
with  the  organization  of  the  net  as  a  whole.  It  is  to  be  noted 
that  while  Klebs'  experimental  data  as  to  the  influence  of  en- 
vironment in  determining  the  time  and  kind  of  reproduction  are 
of  great  interest,  the  facts  of  periodicity  to  be  obsen-ed  in  the 
ordinarj^  normal  course  of  development  of  these  plants  must 
not  be  overlooked.  Under  a  given  set  of  normal  conditions'  the 
plants  grow  to  a  certain  average  size  and  then  reproduce.  In 
any  one  of  the  four  or  five  tanks  in  which  my  mateiial  was 
growing  it  was  always  possible,  after  the  first  two  or  three  weeks, 
from  the  date  of  their  appearance  to  find  nets  in  all  stages  of 
development  from  the  smallest  to  the  largest,  and  only  the  larg- 
est are  found  producing  swarmspores.  They  are  all  under  the 
same  conditions,  except  that  the  younger  nets  perhaps  float  a 
little  higher  in  the  water,  forming  a  layer  above  the  older  ones, 
which  from  their  size  extend  deeper  down.  There  is  thus  a 
definite  life  cycle,  which  under  normal  conditions  in  summer 
the  plants  pass  through.  A  net  reaches  a  certain  size  and  age 
before  it  reproduces  itself,  when  it  has  reached  that  size  or  age, 
it  forms  spores,  though  it  is  under  the  same  conditions  as  other 
younger  nets,  which  continue  to  grow  vegetatively.  Vegetative 
growi;h  and  reproduction  alternate  normally  and  form  thus'  a 
life  cycle  with  a  certain  periodicity  to  some  extent  at  least  in- 
ternally determined.  When  reproduction  begins  a  further  daily 
periodicity  is  shown,  which  again  is  not  entirely  determined  by 
the  alternation  of  day  and  night,  since  Klebs  himself  has  observed 
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this  periodicity  may  exist  for  some  time  when  plants  are  kept 
in  total  darkness.  It  is  interesting  to  know,  as  Klebs  has 
sho^vn.  that  environmental  factors  may  be  so  manipulated  as  to 
force  the  plant  to  grow  or  to  reproduce  at  the  experimenter's 
■will,  but  it  is  not  to  be  forgotten  that  the  inner  organization 
of  the  plant  cell  itself  provides  the  capacity  for  a  definite  cyclic 
form  of  development  under  practically  uniform  external  con- 
ditions, and  that  it  is  in  this  fashion  that  the  plant  actually 
grows  and  reproduces  itself  in  nature. 

There  is  also  a  periodicity  in  the  appearance  and  disappear- 
ance of  these  plants  in  the  green  house,  as  I  have  noted  for 
several  years.  They  appear  in  great^t  abundance  from  the 
middle  of  August  to  the  middle  of  October. 

A  less  vigorous  cycle  of  development  occurs  in  ]May  and  June, 
and  a  slight  development  may  occur  at  some  time  in  the  winter, 
December  or  JanuarA^  There  is  considerable  fluctuation  from 
year  to  year,  but  between  such  periods  the  nets  entirely  dis- 
appear, except  for  a  few  abnormal-looking  fragments  that  may 
be  sometimes  discovered  in  the  detritiLs  at  the  bottom  of  the 
tank. 

The  first  step  toward  the  formation  of  a  new  net  is  the  divi- 
sion of  the  parent  cell  by  the  process  of  progressive  cleavage 
into  a  large  number  of  smaller  cells.  The  number  is  deter- 
mined by  the  number  of  nuclei  in  the  parent  cells,  and  has  been 
found  to  varv  in  ordinary  cases  between  7,000  and  20.000.  The 
method  of  cleavage  was  a  matter  of  dispute  among  earlier  in- 
vestigatoi*s.  but  the  work  of  Klebs  and  Timberlake  has  settled 
the  important  features  of  the  process.  A  series  of  radial  clefts 
or  fuiTows  are  formed  running  through  the  protoplasm  at  all 
angles  with  each  other,  and  subdividing  it  into  in-egular  masses 
which  are  successively  subdivided  in  the  same  fashion  until 
approximately  equal  oval  and  uninucleated  .spores  are  produced. 

An  examination  of  Klebs'  and  Timberlake "s  figures  shows 
that  this  process  of  cleavage  gives  no  hint  of  the  organization 
of  the  net  which  is  to  be  formed.  There  is  no  blocking  out  of 
the  protoplasm  into  the  meshes  of  the  future  net.  There  is  also 
no  evidence  here  of  the  operation  of  Sachs'  fundamental  mech- 
anomorphosis,   the  principle  of   rectangular  intersection.     The 
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cleavag-e  furrows  intersect  at  the  most  varying  angles.  There 
is  no  evidence  that  the  organization  of  the  future  net,  nor  any 
principle  of  organization  of  multicellular  organisms  determines 
in  any  way  the  process  of  cleavage  in  the  mother  cell  of  the 
water  net.  The  cleavage  here  is  essentially  the  same  process  as 
is  found  in  other  spore  sacks  of  the  algae  and  fungi  with  no 
particular  adaptations  due  to  the  special  organization  of  the 
adult  Hydrodictyon. 

Cleavage  is  accompanied  here  as  in  other  spore  sacks,  with 
some  fluctuations,  by  a  general  shrinkage  of  the  protoplasmic 
mass  so  that  the  oval  spores  are  loosely  scattered,  no  longer  mak- 
ing a  continuous  layer  beneath  the  cell  wall.  Vacuoles  in  the 
original  protoplasmic  layer,  as  figured  by  Cohn,  may  also  con- 
tribute to  increase  the  amount  of  intercellular  space  between  the 
spores. 

The  spores,  as  in  the  case  of  most  green  algae,  now  become 
ciliated  and  swim  about  actively  inside  the  mother  cell,  but  do 
not  esca,pe  from  it.  As  to  the  amount  of  motion  at  this  stage, 
Klebs  and  Timberlake  differ,  Klebs  asserting  that  the  spores 
remain  connected  hy  fine  intercellular  protoplasmic  strands 
which  limit  their  motion,  while  Timberlake  finds  them  swim- 
ming freely  in  the  mother  cell  with  no  protoplasmic  continu- 
ity between  them.  There  is  no  question,  as  I  have  been  able 
to  observe  repeatedly,  that  Timberlake  is  right  so  far  as  the 
case  of  nets  growing  imder  natural  conditions  is  concerned. 
Nets  in  culture  solutions,  as  Klebs  grew  them,  might  show  vari- 
ation in  a  point  of  this  sort.  After  a  period  of  activity,  the 
spores  come  to  rest  and  grow  in  length  to  form  a  new  net  in- 
side the  parent  cell.  This  is  of  course  the  crucial  process  so 
far  as  the  shape  of  the  future  meshes  of  the  net  is  concerned. 
The  shape  of  the  meshes  and  the  number  of  their  sides  depends 
on  the  arrangement  of  the  spores  as  they  come  to  rest  and  begin 
to  grow. 

The  whole  spore  mass  is  too  dense  and  the  mother  cell  wall 
is  too  thick  to  be  favorable  for  photographing  in  these  st.ages 
of  net  formation.  I  have  succeeded,  however,  in  obtaining  a 
series  of  plates,  which  show  the  position  and  mutual  relations 
of  the  spores  at  each  stage  in  net  formation.     The  cylindrical 
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form  of  the  celJs  of  course  prevents  more  than  a  limited  portion 
of  the  mother  cell  surface  from  being  in  focus  at  any  one  time. 
The  outline  of  the  mother  cell  is  almost  lost  excepting  in  case 
of  median  optical  views.  No  details  as  to  cell  structure  or  the 
cilia  of  the  spores  are  brought  out,  of  course,  but  the  facts  as 
to  the  position  of  the  spores,  with  which  we  are  here  concerned, 
are  shoMoi  by  the  photograplis  with  sufficient  clearness,  and  in 
a  manner  which  fixes  beyond  question  the  fluctuating  appear- 
ances which  the  spores  present  in  these  stages. 

As  noted  above,  there  is  a  marked  daily  periodicity  in  the 
asexual  reproduction  of  Hydrodictyon.  This  is  especially  evi- 
dent in  cultures  grown  in  the  green  hoiLse.  The  cleavage  of  the 
protoplasm  takes  place  during  the  night  and  the  ^warmsporesi 
are  apparently  completely  formed  by  day-break.  Swarming 
begins  and  the  young  nets  are  formed  in  late  summer,  August 
and  September  for  example,  by  nine  o'clock.  Isolated  individ- 
uals may  still  be  in  the  net-forming  stages  later  in  the  forenoon, 
but  the  rule  is  quite  universal  that  one  can  only  obtain  the 
active  swiimning  stages  of  the  swarmspores  from  day-break 
to  about  seven  o'clock.  Conditions  of  illumination,  of  course, 
may  \ary  the  actual  time  from  day  to  day.  On  bright  morn- 
ings the  process  begins  earlier  and  apparently  is  completed  more 
promptly;  on  cloudy  mornings  it  is  delayed  and  is  more  irreg- 
ular. Photographs  were  taken  at  all  stages  in  the  formation 
of  the  nets,  using  the  8  mm.  objective  of  Zeiss  with  the  No.  2 
compensating  ocular.  The  bellows  length  in  the  majority  of 
the  cases  was  100  cm.  Just  before  swarming  begins  the  spores 
are  seen  completely  rounded  up  and  lying  in  a  single  layer  just 
beneath  the  wall  of  the  mother  cells.  They  are  globular  in 
form,  slightly  flattened  on  each  other,  however,  although  there 
are  very  large  intercellular  spaces  present  in  some  cases.  These 
intercellular  spaces  may  appear  rounded  like  vacuoles,  as  has 
been  shown  by  Cohn.  In  other  cases  the  intercellular  spaces 
are  more  irregular.  In  still  other  cells  they  are  very  small,  or 
even  entirely  lacking,  so  that  the  spores  make  a  single  continu- 
ous layer.  The  amount  of  intercellular  space  present  is  doubt- 
less, as  I  have  above  noted,  dependent  upon  the  condition  of 
nutrition  of  the  mother  cell.  When  the  layer  of  protoplasm  is 
very  thick  and  dense  the  number  of  swarmspores  will  be  larger ;. 
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when  it  is  thin  and  Vi^,cuolar  the  number  is  smaller.  If  the 
number  of  swarmspores  is  small,  larger  intercellular  spaces 
will  be  present  between  theui  after  cleavage  is  complete.  If  it 
is  large  they  will  be  in  contact  with  each  other.  As  has  been 
described  in  the  formation  of  swarmspores  in  Saprolegnia, 
and  as  I  have  noted  in  Synchitnum,  shrinkage  occurs  at  cer- 
tain stages  in  the  cleavage  process,  but  independently  of  this, 
I  am  convinced  that  the  amoimt  of  intercellular  space  between 
the  mature  swarmspores  of  Hydrodictyon  varies  with  the  con- 
ditions of  the  nutrition  of  the  mother  cell,  as  just  described. 
The  appearance  of  a  mother  cell  with  relatively  large  inter- 
cellular spaces  is  given  in  Fig.  5.  The  intercellular  spaces 
here  appear  rounded  and  almost  vacuolar.  The  mother  cells 
which  produce  the  swarmspores  are  of  varying  sizes,  as  Klebs 
maintains,  although  under  the  conditions  in  which  the  nets 
grew  an  average  length  of  three  to  four  mm.  was  generally 
reached  before  reproduction  began. 

]\Iany  of  the  figures  are  taken  from  diiferent  cells  of  the  same 
net.  It  was  observed  that  not  all  the  cells  of  any  one  net  are 
foimd  producing  swamispores  at  the  same  time.  On  the  other 
hand,  when  a  net  has  once  begun  to  reproduce  itself  asexually, 
the  process  usually  continues  from  day  to  day  until  all  or  most 
of  the  cells  have  produced  young  nets. 

If  we  observe  under  the  microscope  one  of  the  mother  cells 
in  which  the  spores  have  been  formed,  as  shown  in  Fig.  5,  as 
the  day-light  grows  brighter,  we  shall  find  that  at  some  point 
the  swarmspores  suddenly  begin  a  slow  motion.  This  motion 
is  hard  to  describe.  The  cells  are  apparently  writhing  back 
and  forth  but  scarcely  changing  their  position  with  reference 
to  each  other.  The  motion  is  doubtless  due  to  the  vibrations 
of  the  newly  fonned  cilia,  which,  however,  are  not  yet  sufficiently 
vigorous  to  set  the  cells  free  from  each  other,  or  to  enable  them 
to  glide  freely  upon  each  other.  They  continue  this  writhing, 
struggling  movement  for  a  few  minutes  only.  The  whole  layer 
then  suddenly  begins  to  contract  toward  the  center  of  the  mother 
cell.  The  motion  of  the  cells  becomes  more  vigorous  as  the 
contraction  proceeds,  but  it  hardly  appears  that  the  individual 
cells  are  actively  swimming  toward  the  center  of  the  mother 
cell.     The  appearance  is  much  more  as  if  the  whole  layer  of 
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swarmspores  were  being  diawn  towards  the  central  axis  of 
the  mother  cell  by  a  contracting  mass. 

The  swarming  motion  does  not  begin  simultaneously  through- 
out the  whole  length  of  the  mother  ceU.  It  may  begin  at  one 
end  and  progress  slowly  toward  the  other,  or  it  may  begin 
at  several  points,  or  at  both  ends.  The  contraction  stage  also 
is  developed  progressively  from  one  end  to  another  of  the 
cell  or  begins  at  various  points.  It  continues,  however, 
until  the  entire  mass  of  swarmspores  forms  a  dense  central 
column  only  about  one-third  the  diameter  of  the  entire  mother 
cell. 

Generally,  however,  before  the  stage  of  complete  contraction 
is  reached  throughout  the  cell  the  next  stage  begins  in  certain 
regions.  In  Fig.  6  we  see  the  central  column  in  its  densest 
stage  in  certain  regions,  while  .just  at  the  end  of  the  figure  it 
is  still  forming  by  the  contraction  of  the  swarmspore  layer.  At 
various  points,  however,  an  irregular  cloud  is  seen  extending 
from  the  central  column,  in  some  cases  entirely  to  the  mother 
cell  wall.  This  cloud  is  due  to  the  active  motions  of  the  swarm- 
spores, which  are  now  swimming  freely  about  among  each  other, 
and  whose  motions  prevent  any  definite  outlines  of  the  cells 
from  being  shown  in  the  photograph.  Toward  the  end  of  the 
figure  where  the  contraction  is  still  going  on.  the  motion  of 
the  cells  is  much  less  vigorous  and  their  outlines  can  here  be 
seen,  though  vaguely,  since  even  here  the  swarmspores  are  in 
the  writhing,  struggling  stage  described  above. 

•This  next  stage,  which  may  be  described  as  the  free  swimming 
stage  of  the  swarmspores,  follows  the  contraction  stage  within 
a  very  few  minutes.  The  spores  seem  to  break  away  from  the 
central  column  and  as  soon  as  they  have  escaped  from  it  they 
are  seen  to  be  swimming  freely  in  the  cavity  of  the  mother  cell. 
^Vatcliing  a  preparation  at  this  stage  one  can  frequently  ob- 
serve a  single  swarmspore  break  loose  from  the  central  column 
at  a  particular  point.  It  is  immediately  followed  by  others, 
but  there  is  no  conspicuous  evidence  that  the  spores  that  succes- 
siveh*  escape  come  through  any  one  particular  pore  in  a  mem- 
brane or  anything  of  that  sort.  On  the  other  hand,  they  seem 
to  break  loose  and  swim  radially  outward  from  the  position 
which  tliev  had  in  the  central  column.     A  mass  of  them  may 
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have  such  outlines,  as  are  sho^vn  in  the  lower  one-half  of  Fig.  6. 
These  rounded  masses,  however,  are  plainly  not  pressing  a  mem- 
brane before  them,  but  merely  consist  of  clouds  of  swarm- 
spores,  which  escaped  from  a  certain  region  of  the  central 
column  at  about  the  same  time.  The  motion  is  in  general  radi- 
ally outward,  but  at  the  same  time  the  spores  are  seen  to  be 
gliding  hither  and  thither  in  the  mass  in  all  possible  directions. 
In  a  few  minutes  they  have  collected  again  in  a  layer  at  the 
surface  of  the  mother  cell  and  here  for  a  time  they  contiuue 
their  active  swimming  motions,  gliding  among  each  other  in  all 
directions,  but  apparently  never  swimming  back  into  the  center 
of  the  mother  cell  to  any  great  distance.  A  stage  when  the 
spores  have  reached  the  peripherv'  of  the  mother  cell  on  one 
side  and  not  on  the  other  is  shown  in  Fig.  7. 

The  thickness  of  the  mother  cell  wall  at  this  stage  is  well 
shown  in  the  lower  right-hand  portion  of  this  figure  and  it  is 
plain  that  the  gathering  of  the  spores  at  the  center  of  the  mother 
cell  has  not  been  due  to  any  swelling  of  the  mother  cell  wall, 
which  might  crowd  them  inward,  as  it  is  claimed  is  the  case  in 
Botrydium.  The  mother  cell  wall  is  about  as  dense  as  it  has 
been  in  the  stages  immediately  preceding:  it  veiy  soon  swells 
and  becomes  gelatinous,  but  this  condition  is  not  e/)nspicuously 
present  up  to  this  time. 

It  is  shown  (Figs.  6  and  7)  ver\'  clearly  that  when  the  swarm- 
spores  leave  the  central  column  a  clear  transparent  region  of 
some  sort  which  is  rather  sharply  bounded  still  remains  in  the 
center  of  the  mother  cell.  This  clear  central  column  has  the 
appearance  of  a  membranous  tube,  which  contained  the  swarm- 
spores  and  from  which  they  have  now  escaped.  The  evidence 
that  it  really  has  something  of  the  nature  of  a  tube  is  quite 
conspicuous  in  the  corresponding  stages  in  the  production  of 
gametes.  In  these  cases  the  gametes  are  frequently  seen  swim- 
ming or  gliding  lengthwise  in  this  mass  toward  a  point  in  the 
mother  cell  at  which  an  openuig  to  the  exterior  has  been  formed 
for  their  escape. 

There  can  be  no  question  that  in  this  stage  in  which  the  s-warm- 
spores  leave  the  dense  central  column  and  arrange  themselves 
on  the  periphery'  of  the  mother  cell  that  they  swim  freely  in 
all  directions,    showinar    no    such    intercellular    connections    aa 
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Klebs  describes.  They  are  independent  cell  units,  and  the 
positions  which  they  reach  upon  the  inside  of  the  mother  cell 
wall  are  determined  by  a  variety  of  factors  in  their  environ- 
ment to  which  they  each  respond  as  independent  organisms. 

Having  reached  the  periphery,  they  continue  to  swim  about 
■with,  however,  constantly  decreasing  freedom,  and  very  soon 
their  motions  are  limited  to  such  simple  writhings  and  strug- 
glings  as  they  showed  in  the  first  stage  of  their  activity.  This 
condition  of  gentle  motion  continues  for  a  relatively  long  period, 
their  activities  becoming  gradually  less  and  less  and  it  is  in 
this  stage  undoubtedly  that  Klebs  has  frequently  observed  them, 
and  reached  the  conclusion  that  they  are  continuously  in  con- 
nection with  each  other  by  fine  protoplasmic  strands.  Fig.  8 
shows  the  swarmspores  still  in  motion  in  this  stage.  As  yet 
there  is  only  a  sugggestion  of  the  future  net.  The  outlines  of 
the  individual  cells  are  somewhat  vague,  owing  to  the  effect  of 
their  motions,  as  described,  but  it  is  plainly  to  be  seen  from 
the  photograph  that  in  this  stage  they  maintain  a  tolerably 
constant  position  with  reference  to  each  other,  since  the  ex- 
posure required  for  taking  the  photograph  was  45  seconds,  and 
none  of  the  cell  outlines  indicate  that  the  bodies'  of  the  swarm- 
spores moved  even  as  much  as  a  distance  equal  to  their  own 
diameter.  They  are  in  continuous  motion  pushing  this  way 
and  that  but  without  making  permanent  progress  in  any  parti- 
cular direction.  It  is  interesting  to  note  that  the  distribution 
of  intercellular  space  is  about  the  same  here  as  in  the  next 
stage,  and  still  the  net  structure  is  not  yet  conspicuous. 

At  this  stage  the  central  column  or  gelatinous  mass  has  dis'- 
appeared.  It  is  not  clear  what  its  fate  has  been.  Presumably 
it  has  merely  dissolved  or  swelled  up  into  unrecognizable  out- 
lines in  the  interior  of  the  mother  cell.  The  continued  writhing 
motions  of  the  swarmspores  in  which  they  glide  more  or  less 
upon  each  other,  and  apparently  by  reason  of  their  viscous 
surfaces,  become  more  and  more  firmly  adherent,  coupled  per- 
haps, as  will  be  noted,  -vnth  a  slight  gro^\'th  in  size  of  the  cells, 
finally  leads  to  the  arrangement  seen  in  Fig.  9.  The  surfaces 
of  the  swarmspores  are  plainly  adherent  here,  and  the  motion 
has  gradually  died  out.  The  arrangement  of  the  cells  in  groups 
showing  the  outlines  of  the  future  meshes  of  the  net  is  now 
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distinct.  The  impression  is  g-iven  from  this  figure  that  the 
meshes  are  larger  and  more  irregular  at  this  stage  than  in  a 
mature  net;  but  a  statistical  study  of  the  groups  shows  that 
this  is  not  the  case,  and  that  the  looser  appearance  is  due  to  the 
fact  that  the  four-sided  meshes  at  this  stage  are  hardly  visible, 
the  groups  which  are  to  form  them  being  so  closely  in  contact 
that  the  four-sided  mesh  space  scarcely  appears.  The  five-sided 
meshes  too  are  quite  inconspicuous,  while  the  six-,  seven-  and 
eight-sided  meshes  and  larger  more  iiTegular  openings  are, 
of  course,  quite  as  conspicuous  here  as  they  are  in  the  later 
stages  of  the  growth  of  the  net.  The  greatest  care  is  necessary 
in  photographing  these  stages  to  avoid  pathological  conditions. 
The  cells  mounted  under  a  cover  glass  as  they  must  be  for  photo- 
graphing, soon  lose  their  normal  appearance  and  the  following 
changes  may  be  veiy  decidedly  modified  by  the  unnatural  con- 
dition in  which  the  mother  cell  is  placed.  For  this  reason  I 
have  not  endeavored  to  take  successive  photographs  of  the 
same  mother  cell  in  the  different  stages  of  development  of  the 
young  net.  but  for  the  most  part  have  taken  only  a  single  photo- 
graph of  each  cell,  discarding  it  then  for  another  cell  selected 
to  represent  the  desired  stage  in  development.  The  abundance 
of  the  material  available  for  study  makes  it  possible  to  select 
cells  for  photographing  in  this  fashion,  and  to  be  perfectly 
sui'e  that  the  stages  of  development  are  arranged  in  the  proper 
order. 

Microscopic  study  of  the  young  nets  at  the  stage  shown  in 
Figs.  9  and  10  makes  it  perfectly  clear  that  the  mouthpieces  of 
the  swarmspores  bear  no  definite  relation  to  the  points'  of  contact 
of  the  different  cells  in  the  young  nets,  although  the  tendency 
seems  to  be  for  the  mouthpiece  with  the  cilia  to  face  toward  the 
intercellular  space  rather  than  to  be  in  contact  with  an  adjacent 
cell.  This  condition  may  be  contrasted  with  that  in  Oedogoniun. 
and  other  algae  in  which  the  spore  regularly  attaches  itself  to 
the  substratum  by  its  ciliated  end.  The  cells  in  Figs.  9  and 
10  are  for  the  most  part  entirely  globular  as  yet  and  in  many 
of  them  the  contrast  of  the  dark  chromatophore  region  with  the 
clear  ciliated  mouth  piece  is  still  visible.  In  some  cases  ia 
these  figures,  however,  the  cells  have  already  begun  to  elongate 
ver^'  slightly  so  as  to  become  elliptical  rather  than  globular  in 
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outline,  and  this  lias  led  to  the  flattening  of  the  cells  upon  each 
other  in  the  characteristic  groups  of  three,  as  seen  in  all  the 
subsequent  stages  of  the  development  of  the  net.  The  stages 
represented  in  Fig.  8  and  Fig.  0  are  very  closely  connected 
and  it  is  a  question  whether  an  intermediate  stage  could  be 
found  between  them  in  which  the  outlines  of  the  net  meshes 
would  be  more  conspicuous  than  they  are  in  Fig.  8  and  less 
conspicuous  than  they  are  in  Fig.  9.  It  is  perfectly  easy  in 
Fig.  8  to  pick  out  particular  groups  of  cells  which  are  plainly 
destined  to  form  meshes  of  each  particular  type  found  in  the 
adult  net.  The  characteristic  groups  of  three  are  conspicuous 
in  many  cases,  and  in  some  cases  the  cells  in  such  groups  are 
seen  to  be  alread}^  slighth^  flattened  upon  each  other.  Probably, 
however,  this  is  merely  a  result  of  the  adhesion  of  their  viscous 
surfaces,  since  there  is  no  evidence  of  any  elongation  of  the 
cells  in  Fig.  8.  In  Fig.  10  the  cells  are  seen  to  be  either  globular 
or  veiy  slightly  elongated.  "We  have  the  very  beginning  of 
net  fonnation  before  us  and  the  outlines  of  the  meshes  are 
for  the  most  part  entirely  fixed  and  will  plainly  continue  un- 
changed in  the  whole  subsequent  development  of  the  plant.  In 
Fig.  11  the  cells  are  plainly  elongated  and  have  become  markedly 
spindle-shaped  in  outline.  The  surfaces  of  contact  are  sharply 
marked  at  this  stage  owing  to  the  development  of  the  cellulose 
walls,  and  the  cells  are  plainly  pressing  strongly  upon  each  other. 
The  axes  of  elongation  of  the  individual  cells  are  seen  here  with 
the  utmost  clearness  to  cut  the  points  of  contact  of  the  groups 
of  three.  The  cells  are  plainly  elongating  against  the  pressure 
of  their  neighbors,  and  in  one  or  two  cases  where  a  cell  is  in 
contact  on  only  one  of  its  surfaces,  its  failure  to  elongate  is 
conspicuous.  The  evidence  of  growth  directed  by  functional 
hypertrophy  appears  thus  in  the  earliest  stages  of  the  develop- 
ment of  the  net.  The  cells  do  not  elongate  except  as  they  are 
in  contact  with  and  pressing  upon  adjacent  cells.  Their  growth 
tendency  is  entirely  controlled  as  to  its  direction  by  their  con- 
tact with  and  pressure  upon  adjacent  cells. 

In  the  photographs  in  question  the  outlines  of  the  mother 
cell  scarcely  appear,  except  as  vague  shadows.  The  mother  cell 
is,  however,  still  present  at  these  stages,  but  has  become  decidely 
thickened  and  is  extremely  transparent  and  gelatinous  in  ap- 
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pearance.  Whether  it  is  possible  to  conceive  that  aur  restrain- 
ing pressure  is  exerted  by  the  mother  cell  upon  the  young  net 
at  this  stage  is  hard  to  determine,  but  later  it  is  certain  that 
the  mother  cell  wall  deliquesces  entirely,  thus  setting  the  young 
net  free  to  continue  its  further  development  independently. 

At  this  stage  when  the  cells  first  begin  to  elongate,  the  mouth- 
piece is  scarcely  recognizable  and  the  cells  appear  quite  homo- 
geneously green.  At  a  little  later  stage,  however,  when  the 
cells'  are  still  further  elongated,  the  interesting  fact  is  to  be 
noted  that  the  green  pigmented  material  lies  in  the  center  of 
the  young  net  cell  and  that  at  its  two  ends  where  it  is  in  contact 
vnth.  the  adjacent  cells  it  has  become  entirely  hyaline. 

This  condition  appeare  conspicuously  in  Fig.  12  where  the 
regions  of  contact  in  the  groups  of  three  come  out  sharply  in 
the  photographs  as  transparent  areas  traversed  bj^  the  walls 
of  the  cells,  which  radiate  in  three  directions  from  a  central 
point.  The  end  of  each  cell  has  become  bluntly  Avedge-shaped 
by  pressure  against  the  two  adjacent  cells,  and  this  wedge- 
shaped  region  appears  hyaline,  as  against  the  darker  central 
portion  of  the  cell.  This  hyaline  condition  is  doubtless  asso- 
ciated ^nth  great  metabolic  activity  and  growth  in  just  these 
regions  which  correspond  to  Noll's  regions  of  embryonic  sub- 
stance. It  seems  probable  that  the  growth  of  the  cell  in  this 
case  takes  place  largely  at  its  two  extremities,  the  middle  region 
remaining  of  about  the  same  diameter  as  the  original  swarm- 
spores.  The  cell  grows  chiefly  in  length  rather  than  in  thick- 
ness in  these  early  stages,  and  we  have  thus  further  evidence 
that  the  growth  processes  are  entirely  controlled  by  the  relations 
of  contact  between  the  adjacent  cells.  There  is  no  tendency 
here  for  the  cells  to  expand  toward  the  free  intercellular  spaces, 
although  it  would  seem  that  the  opportunities  for  growth  were 
best  in  these  directions. 

It  has  been  generally  noted  that  the  pyrenoids  are  either 
absent,  or  very  minute  in  the  swannspore  stages  and  those 
immediately  following.  In  the  stage  shown  in  Fig.  12  the 
pyrenoids  are  beginning  again  to  be  conspicuous  and  in  many 
of  the  cells  they  appear  as  clear  transparent  points,  either  im- 
bedded in  the  central  green  region  of  the  cell  or  just  on  the 
margin  of  this  region.     The  cells  are  still  spindle-shaped  here, 
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but  are  becoming  more  cylindrical  in  outline.  The  hyaline  re- 
gions at  the  ends  of  the  cells  are  still  conspicuous.  The  stages 
shown  in  Figs.  12,  13  and  14.  are  to  be  found  abimdantly  dur- 
ing the  forenoon  hours.  They  show  the  gradual  loss  of  the 
spindle  shape  and  the  development  of  the  cylindrical  form 
characteristic  of  the  adult  water  net  cell.  The  pjTenoids  re- 
main conspicuous  and  gradually  as  the  nets  get  older  two  pyre- 
noids  instead  of  one  are  shown  in  the  cells  as  photographed 
(Fig.  1-1).  The  hyaline  condition  of  the  cell  ends  persists,  after 
the  cells  have  gained  their  perfectly  cylindrical  shape  as  is 
shown  in  Fig.  14.  but  as  the  cells  become  older  and  larger  the 
green  color  gradually  invades  these  hyaline  areas  until  in  the 
-adult  cell  the  pigmentation  is  homogeneoiLs  throughout. 

If  we  analyze  the  processes  just  described  it  is  plain  that  the 
spores  in  coming  to  rest  just  within  the  mother  cell  wall  so 
as  to  form  a  hollow  cylinder  with  closed  ends  have  not  crowded 
together  to  form  as  dense  a  layer  as  possible,  but  that  they  are 
loosely  scattered,  many  of  them  in  contact  but  with  all  sorts 
of  intercellular  clefts  and  spaces  distributed  rather  evenly 
among  them  (Figs.  8  and  9).  The  sticlr^'  protoplasmic  surfaces 
■of  the  spores  have,  of  course,  tended  to  maintain  any  points  of 
contact  made  in  the  last  stages  of  swarming,  as  the  spores  grad- 
ually lost  their  motility.  Comparing  their  behavior  with  that 
of  other  asexual  swarmsi)ores  of  the  green  algae  which  are  set 
free  from  their  mother  cells  this  position  on  the  mother  cell 
wall  is  what  would  naturally  be  expected.  Asexual  swarm- 
spores  of  Cladophora  or  other  ijY>es  while  swarming  are  spon- 
taneously active  but  are  also  susceptible  to  stimuli  of  various 
sorts.  They  scatter  from  the  mother  cell  under  the  influence 
of  light,  etc.,  and  finally  come  to  rest  and  germinate.  The 
swarmspores  of  Hydrodidyan  imprisoned  in  the  mother  cells 
may  well  be  regarded  as  under  the  same  influences,  and  their 
■coming  to  rest  loosely  scattered  on  the  cell  wall  may  be  regarded 
as  the  natural  result  of  their  spontaneoas  motility  pins  chem- 
ical influences  due  to  the  entrance  of  food  salts  from  without 
the  mother  cell  and  the  accumulation  of  wastes  within,  which 
might  naturally  cause  them  to  be  rather  repelled  than  attracted 
together  and  to  seek  a  loosely  scattered  position  on  the  cell  wall 
adapted  to  their  reception  of  food   from  without  and  the  escape 
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of  waste  products.  Their  arrangement  shows  no  tendency  on 
their  part  to  crowd  together  and  a  simple  observation  Avhieh  I 
have  had  many  opportunities  to  make,  shows  that  at  least  no 
strong  mutual  attraction  exists  among  them.  Frequently,  in 
mounting  parts  of  nets  at  this  stage,  cells  with  swanning  spores 
are  cut  or  broken.  In  such  cases  the  spores  for  the  most  part, 
swarm  out.  though  if  the  cut  is  at  the  end  of  a  cell  some  swarm- 
ers  may  not  find  their  Avay  to  the  opening.  The  swarmspores 
which  escape  scatter  and  though  many  of  them  may  never  get 
far  from  the  mother  cell,  they  never  in  my  observation  tend  to 
aggregate  or  form  a  net.  The  spores  which  remain  in  the 
mother  cell  may  form  a  few  irregular  strands,  but  there  is  no 
regular  mesh  formation. 

It  is  not  easy  to  keep  such  preparations  in  normal  condition, 
and  the  subsequent  fate  of  such  escaped  swarmspores  needs 
further  study.  I  have  never  observed  their  further  develop- 
ment, and  they  apparently  disintegrate  without  showing  any 
tendency  to  elongate  as  they  would  under  normal  conditions  in 
the  mother  cell. 

Returning  novr  to  the  spores  under  normal  conditions  in  the 
mother  cells,  we  may  conclude  that  their  peripheral  and  loosely- 
scattered  position,  so  far  as  the  evidence  goes,  is  due  to  the  same 
activity  and  environmental  stimuli  as  control  the  swanning  and 
position  of  germination  of  alga  swarmspores  in  general  with 
the  added  limitation  of  their  confinement  within  the  mother 
cell  wall.  There  is  no  evidence  so  far  of  the  working  of  any  or- 
ganizing principle  determining  the  structure  of  the  future  net 
except  this  one  fact  that  the  breaking  down  of  the  mother  cell 
wall  has  been  delayed  to  such  an  extent  that  the  swarmspores 
have  come  to  rest  before  their  escape. 

The  spores  now  begin  to  grow  and  this  fii*st  growth  is  a  slight 
expansion  in  all  directions,  as  is  shown  in  Timberlake's  prepara- 
tions and  figures,  though  this  growth  is  not  easy  to  establish 
by  measurements  in  the  living  condition  owing  to  individual 
variations  (compare  Figs.  8.  9.  10).  This  enlargement  of  the 
cells  leads  to  their  crowding  together  more  closely  and  the  in- 
tercellular spaces  are  thus  reduced.  Cells  which  have  lain  free 
or  were  in  contact  with  other  cells  on  only  one  side  are  perhaps 
thus  crowded  against  cells  on  several  sides.     Cells  that  were  in 
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<?ontaet  with  several  cells  at  fii-st  may  tend  to  ?lide  upon  each 
other  so  as  to  occupy  the  free  space  to  the  best  advantage.  As 
crowding  develops  there  "will  be  an  increased  tendency  to  the  ar- 
rangement in  groups  of  three,  which  is  already  conspicuous 
(Figs.  9,  10),  since  this  arrangement  brings  the  spore  masses 
into  the  smallest  space.  Thus  apparently  each  cell  in  the  great 
majority  of  cases  comes  into  contact  with  at  le^t  four  other 
cells,  though  a  fair  per  cent,  may  come  in  contact  with  five,  some 
with  as  many  as  six,  and  a  few  with  only  two  or  three  cells — 
all  of  which  conditions  are  recognizable  in  the  adult  nets. 

Where  the  crowding  is  greatest  a  second  inner  layer  of  cells 
is  foimd,  by  whose  development  the  inner  meshes  are  formed 
and  the  net  is  made  two-layered  in  certain  regions.  Some- 
times, perhaps,  this  doubling  of  the  net  may  result  from  other 
disturbances  than  those  of  overcrowding, 

"With  the  establishment  of  these  points  of  contact  and  the  re- 
sulting pressure,  a  change  in  the  growth  of  the  cells  becomes  at 
once  apparent,  and  this,  too,  of  a  rather  surprising  character. 
One  might  expect  under  such  conditions  of  incipient  crowding 
to  see  the  cells  expand  in  the  direction  of  the  free  intercellular 
spaces  and  become  thus  deformed  in  outline  in  the  elfort  to  oc- 
cupy all  the  available  free  space.  On  the  contrary,  the  inter- 
cellular spaces  are  seen  to  grow  larger.  The  cells,  instead  of 
swelling  into  the  free  spaces,  receive  a  stimulus  at  their  points 
of  contact  with  their  fellows  which  leads  immediately  to  the  es- 
tablishment of  a  favored  axis  of  gro\vth  which,  as  appears  in 
the  further  development  of  the  net.  is  placed  s^nnmetrically 
with  reference  to  the  points  of  contact  betT\-een  adjacent  cells. 
As  a  result  of  this  favored  axis  of  growth  in  each  cell,  elonga- 
tion in  one  diameter  replaces  the  former  growth  by  equal  ex- 
pansion in  all  diameters.  The  cells  become  first  spindle-shaped 
and  then  oblong.  The  spindle-shaped  stage  is  a  conspicuous 
one.  The  cells  are  seen  to  be  regularly  in  contact  at  their  nar- 
rowed ends  and  the  outlines  of  all  the  different  forms  of  meshes 
found  in  the  adult  net  are  now  to  be  distinctly  recognized. 
(Figs.  10,  11.)  The  elongation  of  the  cells  leads  of  course  to 
further  crowding  and  there  may  possibly  be  as  a  result  some 
further  gliding  of  the  cells  upon  each  other.  This  would  still 
further  favor  the  development  of  the  groups  of  three  which 
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are  so  constant  a  feature  in  the  adult  nets.  Eacli  cell  will 
tend  in  crowding-  to  develop  such  points  of  close  contact  at  each 
of  its  two  ends,  and  we  thus  get  the  constajit  structural  feature 
of  the  prevailing  type  of  meshes,  the  pentagons  and  hexagons 
of  the  adult  nets. 

There  can  be  no  question.  I  think,  that  the  axis  of  elongation 
in  each  cell  is  determined  as  just  described,  by  contact  and  pres- 
sure stimuli  from  its  fellows  and  we  have  thus  a  most  strik- 
ing case  of  functional  h^-pertrophy  of  the  type  described  by 
Koux  and  others  for  so  many  tissues  of  the  metazoaxi  body. 
Functional  hypertrophy  is  a  principle  of  development  of  the 
individual  cell  and  not  of  the  net  as  a  whole.  The  apparently 
spontaneous  activity  in  swimming,  during  which  the  cells  reach 
their  position  on  the  mother  cell  wall,  is  also,  of  course,  due  to  an 
inherent  character  of  the  cells,  which  they  have  in  common  with 
other  swarmspores. 

The  shape  of  the  meshes  must  be  conceived  as  due  to  the  in- 
teraction of  the  individual  cells,  each  endowed  with  the  capac- 
ity to  react  most  delicately,  as  alga  spores  are  known  to  do,  to 
all  sorts  of  chemical,  contact,  and  other  stimuli.  The  net  is 
formed  by  the  aggregation  of  the  spores  as  a  colony  of  inde- 
pendent but  sensitively  interacting  units.  "We  have  here  the 
same  biogenetic  principle  of  cellular  interaction  which  is  rec- 
ognized by  Hertwig  as  an  essential  element  in  all  morphoge- 
netic  processes  in  Metaphytes  and  Metazoans. 

If  we  examine  this  process  from  the  standpoint  of  other  fa- 
miliar theories  of  ontogenetic  development,  their  inadequacy  as 
compared  with  the  conception  of  cellular  interaction  becomes 
still  clearer. 

If.  for  example,  the  elongation  is  considered  merely  as  an  in- 
herited growth  habit  predetermined  in  each  cell  independ- 
ently of  any  influence  from  adjacent  cells  we  can  not  imagine 
that  any  such  mesh  formation  as  takes  place  should  occur.  Cells 
lying  side  by  side  might  elongate  in  perfectly  parallel  direc- 
tions or  they  might  elongate  at  right  angles  to  each  other  and 
produce  T-shaped  figures,  zigzags  and  filaments  as  well  as  oc- 
casional meshes,  when  the  axes  of  growth  of  a  considerable 
series  might  happen  to  meet  at  the  proper  angles. 
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Pringslieim's  doctrine  that  there  are  predetermined  grow- 
ing points  on  the  spores  which  bud  out  and  thus  lead  to  their 
elongation,  provides  no  better  foi»  the  origin  of  the  meshes  since, 
unless  the  gi-owing  points  of  adjacent  cells  happen  to  be  in  con- 
tact, no  net  would  result  and  we  should  have  essentially  the 
same  confusion  as  would  result  from  a  merely  chance  elonga- 
tion of  the  cells. 

Pringsheini  based  his  conception  of  the  growing  points  on  the 
structure  of  the  polyeders.  These  are.  however,  as  noted,  en- 
tirely irregular  spinous  stnictures  and  give  little  ground  for 
a  comparison  with  the  adult  net  cells.  If  the  net  were  made 
up  as  it  is  conceivable  that  it  might  be.  out  of  stellate  or 
T-shaped  cells,  there  would  be  more  ground  for  Pringsheim's 
suggestion.  None  of  those  who  have  worked  on  Hydrodictyon 
since  Pringsheim's  time  have  accepted  his  hypothesis,  though 
to  be  sure,  no  one  has  attempted  a  very  thorough  analysis  of 
the  morphogenetie  factors  in  the  development  of  the  net.  The 
spines  of  the  polyeders  are  probably  to  be  compared  morpholo- 
gically, as  Pringsheini  also  did,  with  the  protective  outgroAvths 
from  the  marginal  cells  of  the  platelike  colonies  of  Pediastrum. 

Elongation  in  any  direction,  ^\-hether  determined  by  chance  or 
by  the  pasition  of  special  growing  point.s,  but  independent  of 
the  points  of  contact  with  adjacent  cells,  could  produce  no  such 
series  of  meshes  as  we  find  in  the  adult  nets,  no  matter  what  the 
arrangement  of  the  cells  might  be  at  the  start. 

It  might  be  urged  again  by  those  who  hold  any  foi^m  of  the 
mosaic  theory"  of  germ  development,  that  the  place  which  each 
spore  is  to  take  in  the  future  net  is  predetermined  in  the  mother 
cell,  that  the  position  and  axis  of  growth  of  each  cell  of  the 
coming  plant  is  already  mapped  out  in  the  cylindrical  protoplas- 
mic layer  of  the  cells  of  the  preceding  plant.  This  conception 
is  an  easy  one.  The  mother  cell  has  the  general  form  of  the 
future  net  and  it  would  seem  quite  conceivable  that  in  the  or- 
ganization of  this  mother  cell  the  form  and  position  of  each 
element  of  the  next  generation  should  be  outlined  in  all  their 
proper  space  relations  and  that  cleavage  should  fall  on  the 
lines   so   predetermined. 

If  masaic  development  can  occur  an\^where,  it  should  appear 
in  Hydrodictyon.     The  facts  are,  however,  as  noted  above,  that 
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there  is  not  the  slightest  trace  in  the  arrangement  of  the  cleavage 
furrows  of  any  such  predetermined  organization.  The  furrows 
cut  the  protoplasm  up  progressively  with  no  suggestion  of  any 
relation  to  the  lines  of  the  future  net,  and  when  the  spores  are 
delimited  and  rounded  up.  they  proceed  to  swarm  about  until 
no  trace  of  their  previous  arrangement  in  the  cylindrical  pro- 
toplasmic layer  of  the  mother  cell  can  possibly  have  been  pre- 
served. We  can  hardly  imagine  that  the  most  thorough  believer 
in  the  localization  of  the  organs  of  the  adult  in  their  proper 
space  relations  in  the  egg  protoplasm  of  an  animal,  would  de- 
fend his  views  in  the  face  of  a  ease  in  which  blastomeres  were  set 
free  in  the  interior  of  the  egg  membranes,  and  should  swarm 
about  for  half  an  hour  before  coming  to  rest  and  continuing  their 
development. 

There  seems  to  be  no  escape  from  the  conclusion  that  the  or- 
ganization of  the  Hydrodictyon  net  depends  upon  the  interac- 
tion of  the  cells  which  are  to  compose  it  and  that  whether  a 
spore  is  to  become  a  side  of  a  four,  five,  six  or  seven-sided  figure 
and  what  angle  it  ^\\\\  make  with  adjacent  cells,  determining 
thus  the  proportion  of  its  contribution  to  the  general  rigidity 
and  elasticity  of  the  whole,  is  determined  by  the  relations  it 
assumes  with  its  fellows  at  the  time  the  net  is  formed.  The 
fate  of  the  cell  is  strictly  a  function  of  its  position  plus  its  own 
independent  organization  with  the  resulting  capacity  for  inter- 
action M'ith  its  fellows. 

There  are  perhaps  various  possibilities  as  to  the  interpreta- 
tion of  the  working  of  the  contact  stimulus  upon  the  cells. 
It  is  probable  that  the  points  of  contact  vdll  be  points  for  the 
reception  of  special  chemical  stimuli  due  to  the  giving  off  of 
waste  or  secretion  products  from  the  protoplasm  of  the  rapidly 
growing  cells. 

It  is  plain,  too.  that  the  surfaces  actually  in  contact  and 
flattened  against  each  other  are  from  the  standpoint  of  food 
supply  from  the  surrounding  medium  at  a  disadvantage  as  com- 
pared with  the  fully  exposed  surfaces  of  the  cells.  This  rela- 
tively greater  opportunity  for  absorption  of  food  on  the  part 
of  the  exposed  surfaces  may  be  considered  as  a  factor  in  their 
greater  dimensional  increase  and  hence  according  to  the  method 
of  growth  which  we  assiuiie  is   a  natural  result  of  increased 
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feeding  of  a  given  area  of  cell  surface,  we  should  have  increase 
in  all  directions  resulting  in  a  bulging  of  the  cells  into  the  in- 
tercellular spaces  or  a  growth  in  some  one  or  more  directions  ac- 
cording to  whose  orientation  different  forms  would  result. 

The  points  of  contact  might  also  be  considered  as  regions  in 
which  dynamic  influences,  electrical  or  vibrational,  of  any  sort 
might  be  transmitted  from  one  cell  to  another  with  the  result  of 
influencing  their  growth  directions.  As  against  all  these  possi- 
ble interpretations  of  the  contact  stimuli,  I  am  inclined  to  take 
what  seems  to  me  the  more  simple  one  of  the  direct  contact  and 
pressure  effects  which  the  cells  exert  upon  each  other  in  their 
growth.  That  tiiey  actually  do  press  upon  each  other  is  most 
clearly  indicated  in  the  accurate  dovetailing  of  the  cell  ends 
where  they  meet  at  the  angles  of  the  meshes  of  the  adult  net. 
This  dovetailing  is  conspicuous  from  the  veiy  earliest  stages  in 
the  growth  of  the  net  and  still  earlier  before  the  cells  begin  to 
elongate  they  are  commonly  more  or  less  flattened  against 
each  other.  There  is  everj'  indication  from  the  very  beginning 
of  the  organization  of  the  net  that  its  cells  are  imder  mutual 
pressure  and  support  more  or  less  weight  according  as  the  ad- 
jacent cells  press  them  upon  symmetrically  placed  and  opposite 
points  of  their  surface  or  more  or  less  obliquely  from  one  or  an- 
other of  their  sides. 

The  cells  are  thus  from  the  beginning  called  upon  to  do  a 
certain  amount  of  work  to  maintain  their  form  against  the 
pressure  of  their  neighbors  and  in  their  elongation  in  the  axis 
of  pressure  against  their  points  of  contact;  and  it  is  plain  that 
this  pressure  and  the  work  required  to  overcome  it  may  increase. 

We  have  thus  in  the  pressure  generated  at  their  points  of 
contact  a  constant  mechanical  factor,  acting  upon  the  growing 
cells  and  tending  to  modify  their  form  directly.  Since  the 
elongation  of  the  cells  must  increase  its  superficial  area  so  long 
as  the  young  net  is  contained  in  the  mother  cell,  this  factor 
will  be  an  increasing  one  by  whatever  degree  the  mother  cell 
wall  offers  resistance  to  its  expansion.  That  this  resistance 
counts  for  something  i::  shown  frequently  by  the  bulging  form 
of  the  free  end  of  a  net  Avhich  has  partly  escaped  from  the 
mother  cell.  The  growth  of  the  net  as  a  whole  imposes  upon 
the  unit  cells  in  their  interaction  upon  each  other,  an  additional 
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outlay  of  energy  beyond  that  wliieli  would  be  required  for  the 
growth  of  each  cell  as  a  free  individual,  and  we  can  hardly 
avoid  the  conclusion  that  this  external  factor  of  pressure,  ex- 
erted from  constant  points  on  the  surface  of  the  cell,  must  in- 
fluence its  activities  more  or  less  profoundly. 

The  pressure  of  the  cells  on  each  other  is  of  coui'se  to  be 
distinguished  from  their  pressure  on  the  gelatinous  semi-liquid 
mother  cell  wall,  which  could  hardly  be  conceived  as  producing 
a  contact  stimulus.  "We  should  conclude,  then,  from  the  rela- 
tive position  of  the  cells  in  the  net  and  their  necessary  relations 
of  mutual  pressure,  that  this'  mechanical  contact  stimulus  is  most 
likely  to  have  determined  the  axes  of  gro^vth  of  the  individual 
cells,  and  thus  the  most  important  element  in  the  organization 
of  the  net  as  a  whole,  namely,  the  elongated  cylindrical  form 
of  the  cells  with  their  ends  dovetailed  together. 

The  conclusion  thus  reached  for  the  water  net  is  in  entire 
harmony  with  what  is  known  as  to  the  influence  of  pressure  and 
tension  stimuli  as  factors  in  determining  the  relative  develop- 
ment and  form  of  cells  in  multicellular  organisms.  We 
find  the  principle  of  increased  size  and  ^^igor  of  development 
with  increased  exertion  in  the  line  of  normal  functions,  one  of 
the  most  familiar  and  well-established  of  physiological  facts. 
The  strengthening  of  mechanical  tissues  in  plants  as  a  result 
of  increased  stress  and  strain  and  the  increased  muscular  or 
other  tissue  development  as  a  result  of  exercise  are  familiar 
illustrations  of  this  principle.  Roux  who,  as  is  well  kno^^-n,  has 
analyzed  the  phenomena  here  in  question  most  carefully,  has 
stated  the  principle  involved  as  the  law  of  functional  h>-per- 
trophy  and  concludes  that  stress  of  any  sort  acting  upon  a  cell 
will  tend  to  increase  its  growth  or  functional  activity  in  that 
axis  of  the  cell  body  in  which  resistance  to  the  stress  is  offered. 
The  water  net  might  well  serve  as  a  paradigm  for  the  illustra- 
tion of  the  principle  so  stated.  The  spherical  cells  gradually  es- 
tablish an  axis  of  elongation  in  direct  response  to  the  pressure 
exerted  upon  their  opposite  sides  by  the  adjacent  cells. 

This  factor  is  a  constantly  present  influence  as  long  as  the 
cells  continue  to  elongate.  Roux'  application  of  this  doctrine 
in  the  development  of  the  theory  of  an  intercellular  selection, 
going  on  in  the  development  of  the  tissues  and  organs  of  higher 
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animals,  of  course,  has  no  application  to  Hydrodictyan,  and 
since  we  are  primarily  concerned  with  the  principle  as  a  factor 
in  the  intercellular  organization  of  the  net,  as  a  whole,  I  shall 
not  discuss  the  physiological  foundation  of  the  doctrine  in  the 
intracellular  organization  as  developed  by  Roux  and  others. 
The  fact  of  functional  hypertrophy  is  so  commonly  manifested 
that  it  may  be  taken  as  an  empirical  fact  without  the  acceptance 
of  Roux'  view  of  its  origin  in  the  competition  of  the  ultimate 
particles  of  the  protoplasm  or  any  of  the  other  conceptions  as 
to  its  ultimate  nature  and  significance  for  the  individual  cell 
as  such. 

In  their  further  growth  imder  the  influence  of  the  pressure 
exerted  on  them  by  their  fellows,  the  cells  develop  into  the 
straight  elongated  cylinders  of  the  adult  net,  and  the  openings 
between  them  become  larger  and  larger  imtil  the  open,  elastic 
framework  of  the  full  grown  net  is  achieved  with  its  meshes  of 
all  the  various  forms  described  above. 

"We  see  then  that  each  mesh  originates  as  an  intercellular 
space  or  cleft  between  the  swarmspores  as  they  come  to  rest. 
The  shape  of  these  clefts  will  tend  to  be  maintained  by  reason 
of  the  viscidity  of  the  spores  which  will  tend  to  maintain  any 
grouping  once  attained.  The  gliding  of  the  spores  upon  each 
other  in  their  earliest  growth  periods  may  further  tend  to 
modify  and  develop  more  or  less  the  form  of  the  clefts  and  the 
number  of  cells  which  boimd  them. 

By  these  factoi-s  of  the  original  loose,  irregular  grouping, 
the  viscidity  of  surface,  and  the  displacements  due  to  growth 
the  degree  of  inequalty  in  the  interior  angles,  and  the  number 
of  sides  of  the  meshes,  are  determined.  It  follows  that  since 
the  cells  of  the  adult  net  are  approximately  of  equal  length,  the 
variations  in  length  not  being  directly  correlated  with  the  num- 
ber of  sides  of  the  polygons,  the  amoimt  of  intercellular  space, 
both  in  the  earliest  stages  and  in  the  adult  net.  will  increase 
with  the  number  of  sides  of  the  polygonal  meshes.  A  net 
made  up  of  hexagons  gives  more  intercellular  space,  the  cells 
being  approximately  equal,  than  one  made  of  triangles  or  tet- 
ragons. From  this  we  reach  an  explanation  of  the  relative  numbers 
of  the  meshes  of  different  forms  in  the  same  net  and  in  different 
nets.     The  greater  the  amount  of  intercellular  space  present  be- 
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tween  the  spores  when  tliey  came  to  rest,  the  higher  the  nnmherof 
sides  Anil  be  for  each  mesh  in  the  adult  net.  AVhen  the  amount 
of  intercellular  space  is  large,  heptagons  will  increase  in  num- 
bers. Wlien  it  is  small,  tetragons  will  be  more  common.  The 
operation  of  this  principle  ^dll  be  interfered  with  when  the 
crowding  becomes  so  great  that  the  spores  form  a  double  layer 
leading  to  the  formation  of  a  two-layered  net  in  certain  regions. 
It  seems  probable  that  this  crowding  of  certain  spores  into  an 
inside  layer  will  always  occur  rather  than  an  increase  in  the 
number  of  three  of  four-sided  meshes  beyond  a  small  and  some- 
what definite  per  cent.  That,  however,  the  relative  degree  of 
crowding  between  the  spores  when  they  come  to  rest,  modified 
to  some  degree  by  readjustments  in  their  earliest  growth  stages, 
determines  the  percentage  of  the  different  mesh  forms  in  the 
adult,  seems  clear.  The  correlative  of  this  conclusion  is  that 
the  amount  of  intercellular  space  between  the  spores  in  the 
average  run  of  cases,  favors  the  formation  of  pentagons  and  hex- 
agons and  thus  the  relatively  large  per  cent,  of  these  two  forms 
of  mesh  is  explained. 

If  we  analyze  the  matter  further  it  is  plain  that  the  amount 
of  intercellular  space  between  the  spores,  when  they  come  to  rest 
will  depend  upon  the  amount  of  shrinkage  which  occui*s  in  cut- 
ting up  the  hollow  protoplasmic  cylinder  of  the  mother  cells 
by  progressive  cleavage.  This  shrinkage  will  depend  upon  the 
thickness  and  density  of  the  protoplasmic  layer  which  will  vary 
with  age,  condition  of  nutrition,  and  general  favorable  or  un- 
favorable conditions,  under  which  the  mother  net  has  growTi, 
and  we  thus  may  expect  it  to  vary  in  individual  cases.  The 
varying  environmental  conditions  under  which  the  parent  cells 
developed,  explain  the  variability  in  the  foniis  of  the  meshes 
in  the  young  nets.  A  high  per  cent,  of  the  meshes  with  fewer 
sides  indicates  a  vigorous,  well-nourished  parentage,  while  a 
high  per  cent,  of  heptagons,  octagons,  and  still  larger  irregular 
openings,  is  a  sign  of  starvation,  and  poor  development  of  the 
mother  protoplasm.  The  nonnal  average  development  of  the 
mother  cell  plainly  leads  to  that  amount  of  shrinkage  in  cleav- 
age which  favors  the  formation  of   pentagons  and  hexagons. 

In  thus  analyzing  the  factors  which  determine  the  develop- 
ment of  the  net  from  the  free  swarmspores  in  the  mother  cell, 
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I  make  no  claiin  to  completeness.  That  other  irritable  phenom- 
ena may  be  involved,  is  quite  apparent.  I  suspect,  in  spite  of 
the  opposing  evidence  noted  above,  that  some  weak  attraction 
may  exist  between  the  free  swimming  spores,  which  while  not 
strong  enough  to  lead  to  their  crowding  together  in  any  region 
of  the  net.  may  still  be  sufficient  to  tend  to  lead  adjacent  cells 
to  come  to  rest  as  far  as  passible  in  contact  with  each  other, 
rather  than  distributed  at  exactly  equal  intei'\'als.  There  is  no 
positive  evidence  of  such  an  attraction  and  the  behavior  of  the 
cells  when  set  free  by  breaking  the  mother  cell,  seems  to  disprove 
its  existence,  and  I  have  hence  not  felt  justified  in  assum- 
ing it  as  a  factor  in  the  arrangement  of  the  spores.  The 
observed  arrangement  seems  also  to  be  adequately  explained  on 
the  data  described.  Still  it  may  be  possible  that  such  a  weak 
attraction  is  present.  Chemical  and  djTiamic  stimuli  as  well 
as  tactile  and  pressure  stimuli  may  arise  at  the  points  of  con- 
tact of  the  cells  and  may  play  a  part  in  determining  their 
interaction  upon  each  other. 

I  think,  however,  that  the  facts  before  us  with  the  analysis 
suggested  are  sufficient  to  justify  the  conclusion  that  the  organi- 
zation of  the  Hydrodicttjoii  cell  colony  is  determined  by  the  in- 
teraction of  its  component  ceEs,  each  being  assumed  to  be  en- 
dowed with  a  complex  individual  organization  as  a  swarmspore 
and  is  not  predetemiiued  by  nor  represented  in  any  correspond- 
ing orientation  of  the  protoplasmic  parts  of  the  swarmspore 
which  corresponds  to  it  in  either  its  space  relations  or  composi- 
tional units  identical  or  metidentical.  Summarizing,  we  may 
note: 

1.  The  cylindrical  form  of  the  cells  and  their  union  at  their 
ends  is  developed  by  growth  and  pressure  between  the  adjacent 
cells  on  the  principle  of  fimetional  hypertrophy. 

2.  The  large  intercellular  spaces  of  the  adult  net  have  their 
origin  in  the  shrinkage  of  the  nia.ss  of  the  mother  protoplasm 
during  cleavage. 

3.  The  central  cavity  of  the  net  is  due  to  the  scattering  of 
the  swarmspores  under  the  influence  of  chemical  and  food 
stimuli,  and  their  coming  to  rest  upon  the  mother  cell  wall. 

4.  The  form  of  the  meshes  is  determined  by  the  chance  group- 
ing of  the  spores  in  coming  to  rest,  their  viscidity  tending  to 
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maintain  chance  contacts  once  established,  and  the  slight 
readjustments  due  to  gliding  of  their  surfaces  upon  each  other 
in  the  crowding  incident  to  their  growth  as  spheres  and  when 
first  beginning  to  elongate,  the  number  of  sides  of  the  polygonal 
meshes  tending  to  become  larger  the  greater  the  amount  of  in- 
tercellular space  which  is  present  when  the  spores  come  to  rest. 

Hydrodictyon  is  perhaps  most  peculiar  in  the  fact  that  it  de- 
velops its  multicellular  adult  form  by  the  aggregation  of  free 
swimming  and  independent  spores.  It  is  this  fact  which  makes 
possible  the  elimination  of  a  series  of  possibilities  as  to  the  rela- 
tions, which  the  cells  bear  to  each  other,  which  are  always  pres- 
ent in  the  case  of  tissue  cells  which  are  produced,  and  continu- 
ously remain,  and  divide,  while  held  in  fixed  relation  to  the  ad- 
jacent cells.  AVhen  cells  in  a  free  and  independent  condition 
combine  in  a  complex  structure  the  evidence  is  clear  that  the 
organization  of  the  cell  complex  is  the  product  of  the  interaction 
of  its  constituent  units. 

Cases  of  such  moi*phogenetic  processes  still  more  striking 
than  Hydrodictyon  are  found  in  certain  groups  of  the  simpler 
fungi,  and  we  may  turn  to  a  brief  consideration  of  them  for  the 
purpose  of  making  more  clear  the  possibility  of  the  develop- 
ment of  fairly  complex  plant  bodies  by  the  interaction  of  their 
component  cells.  Dictyostelium,  a  simple  fungus  growing  on 
dung,  may  be  taken  as  a  type  of  the  Acrasieae  all  of  which 
form  their  fruiting  bodies  by  the  aggregation  of  free  amoeboid 
cells.  Brefeld  first  determined  the  main  features  in  the  life 
histoiy  of  Dictyostelium,  and  our  Imowledge  of  this  type  and  of 
the  whole  group  as  found  in  this  country,  has  been  enlarged 
and  critically  established  by  Olive. 

Dictyostelium  forms  a  stalked  spore  mass  in  its  mature  condi- 
tion representing  a  considerable  degree  of  specialization  and 
adaptation  for  spore  distribution.  As  seen  when  mature,  the 
stalk  is  slender  and  tapering  and  the  spore  mass  is  globular  and 
properly  balanced.  The  whole  structure  appears  symmetrical 
with  properly  proportioned  size  and  height  of  the  stalk  to  carry 
the  load  of  spores  at  the  top.  The  structure  appears  much 
more  perfectly  adapted  to  its  purpose  from  a  purely  mechanical 
standpoint  than  is  the  water  net.  The  stalk  appeai-s  paren- 
chymatous and  is  circular  in  cross  section.     It  spreads  at  the 
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base  into  a  broad  disk  whicb  adheres  fii-mly  to  the  substratmn 
and  tapers  gradually  and  symmetrically  upward  by  the  reduc- 
tion of  the  number  of  cells  in  the  cross  section  till,  near  the  top, 
it  may  consist  of  a  single  row  of  disk  shaped  cells  piled  neatl}' 
one  on  top  of  the  other.  In  slender  individuals  the  upper  one- 
third  or  even  two-thirds  of  the  stalk  may  be  but  one  cell-row 
thiik.  And  still  it  supports  a  globular  mass  of  spores  six  to 
eight  times  its  own  diameter  at  the  top.  Architecturally  speak- 
in?,  it  is  probably  roughly  comparable  in  efficiency  to  the  stems 
of  the  cereal  grains  in  economy  of  materials  and  effectiveness. 
The  whole  body  is  more  or  less  enveloped  in  slime  from  the 
raked  amoebae  by  which  it  is  built. 

If  we  turn  now  to  a  study  of  the  processes  by  which  this 
fruiting  body  is  formed,  we  find  conditions  directly  comparable 
lo  those  in  HydrodictyoH.  A  spore  of  Dicfyostelium  falling  in 
a  favorable  sub.stratum.  germinates,  grows  and  multiplies  by 
division,  till  a  sv\arm  of  amoeboid  cells  are  produced,  each  of 
which  creeps  about,  feeds  and  multiplies  under  the  stimuli  of 
its  environmental  conditions,  in  entire  independence  of  its  fel- 
lows. Finally,  however,  under  the  influence  of  lack  of  food  or 
some  other  internal  change,  perhaps  in  this  case  the  expression 
of  a  cyclic  tendency  in  the  organization  of  the  cell  idioplasm. 
this  period  of  independence  ceases.  Certain  cells  pack  them- 
selves together  in  a  disk,  adhering  firmly  to  the  substratum,  and 
encase  themselves  in  vralls.  Adjacent  spores  heap  themselves 
upon  the  foundation  so  started,  and  as  soon  as  each  finds  itself 
upon  the  apex  of  the  disk,  it  ceases-  its  amoeboid  motion,  packs 
itself  fiiinly  on  the  cells  which  have  already  come  to  rest  and  at 
once  itself  becomes  enclosed  in  a  wall. 

The  nicety  with  which  each  spore  chooses  its  place  and  con- 
forms its  outlines  to  the  requirements  of  the  circular  tapering 
stalk,  is  certainly  remarkable.  The  stalk  is  formed  and  grows 
by  the  addition  to  its  summit  of  successive  cell  units  which,  liv- 
ing independently  up  to  this  time,  now  show  suddenly  the  ca- 
pacity for  such  perfectly  coordinated  efforts.  Still  more  strik- 
ing is  the  change  when  the  stalk  has  reached  its  appropriate 
height.  Stalk  building  now  ceases  at  once  and  the  remaining 
mass  of  amoebae  rounds  itself  up  into  a  compact  globe  which  is 
delicately  poised  upon  the  apex  of  the  stalk.     "SVliile  the  stalk 
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cells  die  in  their  position  in  the  stalk  these  favored  cells  main- 
tain their  vitality  imimpaired  and  each  becomes  a  spore  capa- 
ble of  perpetuating  and  reproducing  the  entire  organism. 

"We  have  thus  in  this  simple  organism  as  complete  a  differen- 
tiation of  somatic  and  germ  cells  as  is  found  in  the  higher  plants 
and  animals.  Specialization  of  the  cells  for  reproduction,  on  the 
one  hand  and  for  support  and  protection  on  the  other,  takes  place 
here  just  as  in  higher  organisms. 

If  we  attempt  to  analyze  the  morphogenetic  processes  in- 
volved, we  find  the  problem  appears  to  be  a  simple  one.  TJie 
results  achieved  are  due  to  the  interaction  of  the  amoeboic 
cells  which  must  certainly  be  regarded  as  highly  complex  or- 
ganisms. But  it  is  also  clear  that  no  assumed  spatial  configTira- 
tion  of  the  idioplasm  of  each  cell  to  represent  in  miniature  or 
in  any  other  mechanical  fashion  the  organization  of  the  com- 
plete fructification,  will  help  us  in  the  least.  To  imagine  some 
sort  of  mosaic  in  the  original  mother  cell  of  the  swarm  which 
has  determined  the  growth,  division,  migrations  and  subsequent 
position  of  each  cell  in  the  complete  organism  is  inconceivable. 
There  is  no  evidence  whatever  that  any  particular  cell  is  pre- 
determined for  an}^  particular  position  in  the  fruit  body.  The 
aggregation  is  at  fir.st  of  the  most  irregular  sort  and  plainly 
influenced  by  all  sorts  of  environmental  conditions. 

It  is  equally  impossible  to  conceive  that  any  spatial  and  me- 
chanical image  or  representation  in  the  idioplasm  of  the  organ- 
ism as  a  whole  could  help  in  determining  the  reactions  of  the 
cells  to  the  situation  in  which  they  are  foimd  in  each  successive 
stage.  The  whole  process  suggests  an  entire  absence  of  pre- 
determination in  the  cells  for  any  particular  ultimate  place  or 
function  in  the  organism,  and  their  behavior  is  guided  at  each 
successive  stage  by  their  positions  and  relations  to  their  fellows 
and  the  general  environment  in  which  they  find  themselves. 

A  simple  experiment  made  by  Van  Tieghem  and  repeated 
and  confirmed  by  Olive,  shows  most  conclusively  this  lack  of 
specific  predetermination  in  the  cells.  If  a  mass  of  the  amoebae 
which  are  engaged  in  building  a  single  fruit  body  be  trans- 
ferred to  a  fresh  drop  of  the  culture  medium  they  do  not  renew 
their  vegetative  growth,  but  scatter  and  proceed  to  build  a 
number  of  smaller  stalks  and  spore  masses.     As  many  as  four 

[40] 


HARPER OROAXIZATIOX    OF    CERTAIX    COEXOBIC    TLAXTS       319 

separate  fructifications  were  thus  obtained  by  Olive  from  a 
mass  of  amoebae  which  had  originally  been  engag-ed  in  building 
a  single  fruit  body. 

If  we  attempt  to  determine  the  specific  stimuli  which  control 
these  complex  interactions  and  reactions  to  environment,  we  are 
confronted  with  many  unsolved  problems.  It  seems  fairlj'  clear 
that  chemical  stimuli  are  largely  responsible  for  the  aggrega- 
tion of  the  free  amoebae.  The  determination  of  the  place  in 
which  the  fruit  body  shall  develop  may  be,  and  probably  is,  a 
matter  of  environment.  In  some  related  genera,  especially, 
there  is  a  most  pronounced  negative  hydrotropism  at  this  stage, 
which  may  be  so  strong  as  to  prevent  fructification  unless  an 
opportunity  is  given  for  creeping  out  of  the  moist  substratum. 

The  stimuli  and  interactions  which  determine  the  behavior  of 
the  spores  in  building  the  stalk  and  spore  mass  must  be  of  a 
very  complex  nature  to  produce  the  delicately  adjusted  result 
which  we  find.  It  is  to  be  noted,  however,  that  here,  as  in  the 
water  net,  there  is  no  such  regularity  in  the  shape  and  relative 
position  of  the  cells  as  would  be  found  if  an  engineer  were  in 
control  of  the  operations.  The  cells  of  the  stalks  and  their  ar- 
rangement remind  us  in  no  respect  of  a  piece  of  brickwork  or 
masonry  unless  of  that  old  fashioned  sort  in  which  rock  frag- 
ments were  laid  together  as  chance  determined.  Xo  two  of 
the  cells  agree  in  shape  nor  are  they  laid  down  in  vertical  or 
horizontal  tiers  or  courses.  This  is  most  conspicuous  in  the 
parts  of  the  stalk  consisting  of  a  single  row  of  cells.  Here  the 
oblique  walls  suggest  most  clearly  the  fact  that  they  support 
their  load  in  spite  of  a  most  disadvantageous  form  and  faulty 
construction.  There  is  no  evidence  in  the  details  of  form,  ar- 
rangement or  relative  position  of  the  cells  which  suggests  the 
control  of  any  teleological  formative  principle,  nor  even  that  a 
process  of  organic  crystallization  is  here  going  on,  and  yet  as 
a  whole  the  result  is  fairly  symmetrical,  strong,  and  well  adapted 
to  its  purposes.  When  the  cells  in  the  stalks  are  so  shaped  that 
they  tend  to  slide  off  from  each  other  the  adhesion  of  their  walls 
is  none  the  less  sufficient  to  overcome  the  effects  of  this  fault  in 
form.  If  there  are  no  tiers  or  courses  as  in  a  brick  wall  none 
the  less  the  irregularities  of  one  cell  compensate  those  of  another 
so  that  on  the  whole  thev  are  accurately  joined  together. 
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It  is  possible  that  contact  stimuli  are  largely  at  work  directing 
the  behavior  of  the  cells  in  the  stalk  formation.     When  once 
the  foundation  disk  is  started,  its  more  solid  surface  furnishes 
a  new  set  of  conditions  by  which  the  still  active  amoebae  may  well 
be  influenced.     Their  movement  upward  is  plainh^  in  the  light 
of  Olive's  obsen^ations  and  what  is  known  of  the  movements  of 
Plasmodia  in  the  slime  moulds',  due  to  negative  hydrotropism. 
This  influence   combined  with  the  contact  stimuli  which  will 
arise  when  they  reach  the  apex  of  the  growing  stalk  and  find 
themselves  unable  to  advance  farther  in  their  retreat  from  the 
moist  substratum  may  be  major  determining  factors  in  the  re- 
actions.    But  it  is  quite  possible  that  chemical  stimuli,  such  as 
are  effective  in  initiating  aggregation  may  also  play  a  role  here. 
The  cells  which  have  come  to  rest  become  vacuolated  and  under- 
go profound  changes  ultimately  leading  to  their  disorganization. 
In  this  condition  they  may  well  be  centers  for  the  diffusion  of 
chemical  compounds  which  may  act  as  specific  stimuli  on  the 
cells  which  come  into  their  environment.     But  the  fact  that  the 
cells  have  reached  a  condition  in  which  they  tend  to  come  to 
rest,  and  envelop  themselves  in  a  cell  wall  is.  in  my  opinion, 
a  prime  factor.     Whether  this  condition  is  reached  as  a  result 
of  cyclic  changes  in  the  organization  of  the  cell  itself,  or  has 
been  induced  by  environmental  conditions,  is  an  open  question, 
but  that  it  is  a  determining  factor  in  the  behaA-ior  of  the  spores 
and  has  no  mechanical  relation  to  the  organization  of  the  fructi- 
fication as  a  whole  is  clear  from  Van  Tieghem's  and  Olive's 
experiments,  already  referred  to,  which  show  that  the  cells,  if 
intermpted  in  building  one  fruit  body,  scatter  and  begin  at 
once  to  build  other  smaller  ones.     If  then  a  cell  in  this  condi- 
tion of  predisposition  to  encyst  itself  reaches  the  highest  point 
of  the  stalk  and  can  go  no  farther,  its  building  a  wall  about 
itself  in  this  position  is  sufficiently  clear.     The  tapering  form 
and  moulding  of  the  cells  upon  each  other  may  well  be  controlled 
by  chemical,  contact  and  other  interactions. 

The  next  crucial  point  is  reached  when  the  change  from  stalk 
building  to  the  fonnation  of  the  spore  ball  takes  place.  This 
seems,  however,  to  be  little  more  than  the  rounding  up  of  the 
mass  of  cells  which  have  accumulated  at  the  top  of  the  stalk 
at  the  time  when  the  limit  of  safety  in  its  futher  growth  has 

[42] 


HAEPEK OEGANIZATIOX    OF    CEETAIX    COEXOBIC    PLANTS       321 

been  reached.  The  transition  is  a  sudden  one.  the  stalk  does 
not  gradually  widen  and  change  into  a  spore  mass.  Increased 
drj'ness  at  the  elevation  attained  may  be  a  factor,  but  the  in- 
stability of  the  support,  its  swaying  in  the  lightest  air  currents 
and  trembling  with  every  slightest  jarring  of  the  substratum, 
may  well  also  be  factors  in  determining  the  changed  activities 
of  the  cells.  Watching  these  colonies  it  is  apparent,  as  shown  in 
the  figures  too.  that  at  the  stage  when  the  stalk  ceases  to  grow 
-and  the  spore  mass  is  formed,  the  body  of  amoebae  which  make 
the  latter  have  been  in  the  air  supported  on  the  stalk  above  the 
sustratum  for  .some  time  and  the  tendency  to  build  walls  and 
pass  into  the  resting  stage  may  well  have  been  hastened  by  this 
position  of  greater  drv^ness.  The  formation  of  the  spore  mass 
is  probably  the  final  expression  of  the  tendencj'  to  come  to  rest 
which  has  been  gaining  strength  by  cumulative  effect  during 
the  process  of  stalk  formation.  It  sometimes  happens  that  this 
ripening  process  is  so  hastened  that  the  spore  globe  is  never 
properly  developed,  but  remains  as  an  oblong  mass  about  the 
upper  end  of  the  stalk. 

One  of  the  most  interesting  features  in  the  development  of 
Dictyostelium  is  the  regulation  of  the  size  of  the  fructification 
according  to  the  numbers  of  amoebae  which  are  to  contribute 
to  it.  It  appears  that  when  the  swarm  is  large,  a  broader 
foundation  and  thicker  stalk  are  formed  and  when  the  number 
of  swarmers  is  small,  the  fruit  body  is  started  on  a  smaller 
scale.  This  is  a  most  interesting  case  of  an  organic  regulation 
of  the  type  which  Driesch  regards  as  a  most  essential  character- 
istic of  animate  as  distinguished  from  inanimate  processes. 
The  interesting  fact  is  that  it  is  in  this  case  the  work,  not  of 
one  organism,  but  of  many.  Driesch 's  entelechie,  as  he  con- 
ceives, would  be  the  property  of  each  amoeba  for  itself  and 
■what  is  needed  here  is  not  a  form  regulating  principle  for  each 
cell  by  itself.  If  there  is  to  be  a  nisus  formativus  or  morpho- 
genetic  principle  in  control  of  the  whole  swarm  of  amoebae,  we 
should  have  to  conceive  it  somewhat  at  ^Maeterlinck  does  his 
"spirit  of  the  hive"  in  speaking  of  a  swarm  of  bees  and  this 
conception  is  doubtless  more  poetic  than  scientific.  There  is 
no  question  that  the  size  of  the  fructification  is  proportioned 
from  the  start  to  the  size  of  the  swarm  and  we  get,  thus,  in  the 
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interaction  of  these  simple  amoebae,  an  illustration  of  that  same 
capacity  for  regulative  adaptation  which  Driesch  has  shoAvn  Ls 
so  conspicuous  and  essential  a  feature  in  the  genesis  of  properly 
proportioned  tissues  and  organs  in  the  embrj'o  as  well  as  in 
the  processes  of  regeneration.  In  Dictyostelium  doubtless  the 
size  of  the  foundation  is  proportioned  to  the  number  of  amoebae 
which  are  immediately  present  to  contribute  to  its  formation. 
The  crowding  at  the  particular  point  in  the  substratum  most 
suitable  for  producing  the  fructification  is  a  fair  index  of  the 
number  of  amoebae  in  the  region  of  the  fructification,  as  a 
whole,  and  we  need  assume  no  more  general  relation  of  the 
swarm  as  a  whole  to  the  size  of  the  foimdation  started,  than 
is  indicated  in  this  fact. 

Dictyostelium  is  onl\"  one  and  perhaps  the  best  known  one^ 
of  a  number  of  related  forms  which  can  be  arranged  in  an 
evolutionary  series  in  which  Polysphondylium  is  distinctlj^  more 
complex  in  that  it  forms  branching  fructifications  bearing  a 
number  of  spore  masses,  while  a  further  series  of  forms  grade 
back  from  Dictyostelium  to  forms  in  which  the  fruit  body  is  a 
mere  globe  of  spores  on  a  high  and  dry  point  of  the  substratum. 
"We  have  then,  the  best  of  evidence  that  the  capacity  for  inter- 
action is  hereditary'  and  has  been  improved  and  specialized, 
these  improvements  being  transmitted  from  one  generation  to 
the  next. 

It  is  to  be  emphasized  here  as  in  the  case  of  Hydrodictyon 
that  in  questioning  the  existence  of  any  spatial  mechanical  or 
other  direct  representation  of  the  organization  of  the  adult  in 
the  idioplasm  of  the  cell,  I  am  in  no  way  questioning  that  the 
intracellular  organization  may  be  most  complex  and  may  be 
capable  of  acquiring  and  transmitting  b.y  heredity  modifica- 
tions which  make  possible  still  more  highly  perfected  and  deli- 
cate interactions  in  the  organization  of  multicellular  colonies. 
The  Hydrodictyon  family  of  algae  and  the  whole  group  of  the 
Acrasieae  as  an  evolutionary  series  give  unequivocal  evidence 
on  this  point,  and  it  is'  most  interesting  that  in  these  groups,  in 
which  the  evidence  of  the  existence  and  method  of  hereditary 
transmission  of  a  definite  intercellular  organization  is  so  clear, 
we  have  also   such   conclusive  evidence  that  the   intracellular 
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organization  in  no  way  represents  or  reproduces  the  intercellular 
organization  of  the  colony,  as  a  whole. 

The  Myxohacteriaceae  constitute  a  still  further  group  of  or- 
ganisms in  which  definite,  complex  and  highly-adapted  plant 
bodies  are  produced  by  the  interaction  of  independent  cells. 
In  this  group  fructifications  of  the  most  diversified  fonns, 
imitating  the  fruits  of  higher  mycelial  fungi,  are  produced 
with  no  evidence  of  definite  tissue  relations  between  the  cells. 
The  cellular  organization  is  here  probably  of  the  simplest  type 
and  it  is  inconceivable  that  it  in  any  way  represents  the  organ- 
ization of  the  mature  fruit. 

Myxococcus  may  be  taken  as  a  type  of  the  group  and  in  its 
stalked  and  branched  fructification  producing  numerous  cysts 
each  with  countless  spores,  we  have  a  highly  developed  organiza- 
tion produced,  however,  by  the  mere  swarming  together  in 
gelatinous  masses  of  the  minute  and  countless  vegetative  cells 
of  the  organism. 

It  is  quite  clear  here  as  in  Hydrodicfyon  and  Dicfyosteluim 
that  in  environmental  stimuli  and  the  interaction  of  the  cells 
themselves  we  have  the  controlling  morphogenetie  factors  which 
determine  the  organization  of  these  plants. 

If  we  examine  the  facts  as  to  morphogenetie  processes  in  the 
development  of  these  plants  with  reference  to  their  bearing  upon 
current  theories  of  heredity,  we  are  led  first  of  all  to  the  conclu- 
sion that  the  transmission  of  the  organization  of  the  plant  as  a 
whole  is  efl:'eeted  in  such  a  fashion  that  there  can  be  no  possible 
reason  for  assuming  that  this  organization  is  represented  in  a 
spatial  or  direct  mechanical  configuration  of  the  idioplasm  of 
the  cells. 

In  the  water  net  we  have  a  multicellular  plant  of  quite  defi- 
nite form  and  structure  and  with  special  adaptations  to  its  habit 
of  life  in  which  there  is  no  need  to  assrnne  the  transmission  of 
the  organization  of  the  plant  as  a  whole  by  any  spatially  dif- 
ferentiated structure  in  determinants,  pangens.  or  other  idio- 
plasmic  elements 

The  form  of  the  net  is  determined  by  direct  inheritance  from 
the  parent  ceU  without  the  intervention  of  an  idioplasm.  The 
internal  organization  of  the  colony,  the  arrangement  of  its  parts, 
etc.,  is  developed  throusrh  the  interaction  of  its  constituent  cells 
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themselves  acting  as  complex  and  sensitive  organisms  which  need 
not  be  assumed  to  represent  in  any  Avay  either  spatial  or  in  com- 
position in  their  own  intracellular  organization  the  intercellular 
organization  of  the  net  colony.  The  assumption  of  an  idioplasm 
in  the  cells  which  contains  in  some  fashion  the  image,  tendency 
or  special  potency  to  reproduce  the  organization  of  the  net  as 
a  whole  is  gratuitous  and  unnecessary.  The  organization  of 
the  swarmspore.  including  its  idioplasm  and  the  organization 
of  the  net  colony  may  be  and  probably  are  incommensurables  in 
every  respect. 

And  yet,  as  we  have  seen,  the  cells  of  the  water  net  have  all 
the  visible  organization  of  the  ordinary  cell  of  one  of  the  higher 
plants  or  animals.  The  chromosomes  are  present  and  presum- 
ably of  definite  number  though  their  small  size  and  crowded 
position  on  the  spindle  has  made  counting  them  rather  difficult. 
Centrosomes  are  present  and  apparent)}^  playing  the  same  role 
in  spindle  formation  and  in  connection  with  the  ciliary  motile 
apparatus  as  in  other  cells.  The  nuclear  structures  must  be 
assumed,  then,  to  have  other  functions  than  the  representation 
in  any  Avay  by  pangens,  detenninants  or  what  not,  of  the  qualities 
of  the  multicellular  organism  as  a  whole.  The  doctrine  that 
the  chromosomes  transmit  the  qualities  of  the  cell  as  such  and 
may  represent  the  accumulated  hereditaiy  plasms  of  previous 
cell  generations  is,  of  course,  in  no  way  affected  by  these  con- 
siderations. There  is  the  same  evidence  in  the  structure  and 
division  processes  of  the  nuclei  of  Hydrodicti/on  that  the  chromo- 
somes are  a  special  physical  basis  of  heredity  as  is  found  in  the 
nuclei  of  other  plants  but  we  are  relieved  here  of  the  necessity 
for  that  further  and  impossible  assumption  that  the  nuclear 
idioplasm  represents  in  some  spatial  mechanical  fashion,  the 
organization  of  the  adult  cell  aggregate  as  a  whole. 

That  this  complex  and  specific  hereditary  substance  of  the 
cell  as  such  is  so  organized  as  to  be  divided  in  each  cell  division 
into  equipotential  systems  is  at  once  apparent  in  the  case  of 
Hydro(Uct]jon.  Each  uninucleated  swarmspore  of  Hydrodict- 
yon  does  in  the  end  produce  an  entire  new  net.  It  is  proved  to 
be  toti-potent  beyond  all  question  and  without  the  need  of  ex- 
perimental invasions  leading  to  possible  pathological  growths  or 
regenerative  processes. 
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I  have  no  thought  of  suggesting  the  conclusion  that  the  mor- 
phogenetic  processes  in  higher  and  more  complex  plants  can 
all  be  resolved  into  cellular  interactions  without  the  aid  of  some 
specific  and  hereditary  qualities  of  structure  in  the  germ  plasm 
which  relate  to  the  structure  of  the  organism  as  a  whole. 

The  hereditary-  processes  in  a  coenobe  like  Hydrodictyon  may 
well  be  far  simpler  than  those  which  have  been  developed  in  more 
complex  and  differentiated  plants,  but  it  is  none  the  less  inter- 
esting to  establish  that  these  first  transitional  forms  in  the  de- 
velopment of  metaphytes  give  evidence  that  the  multicellular 
organism  was  in  its  earliest  developmental  stages  no  more  than 
a  composite  eolonj',  whose  organization  was'  simply  the  expres- 
sion of  the  interactions  of  its  individual  cell  units. 

It  is  to  be  considered  too,  that,  apart  from  its  Lamarckian 
elements,  the  doctrine  of  biogenesis  as  developed  by  Hertwig 
and  his  pupils  aims  to  account  for  heredity-  and  morphogenetic 
processes  in  the  most  complex  organisms  essentially  as  we  find 
them  taking  place  in  Hydrodictyon. 

The  Lamarckian  element,  however,  in  Hertwig 's  doctrine,  that 
functional  adaptations  are  directly  achieved  by  the  continued 
action  of  the  stimuli  involved,  is  distinctly  not  in  harmony  with 
the  facts  of  development  in  the  water  net.  The  adaptations  in 
form  for  strength,  elasticity',  reception  of  light,  feeding,  etc., 
are  all  apparently  incidentally  achieved  advantages  arising  out 
of  processes  not  specifically  directed  to  the  attainment  of  the 
useful  end.  The  form  and  proportions  of  the  net  as  a  whole, 
are  determined  by  the  form  of  the  mother  cell  and  are  well 
adapted  to  secure  anchorage,  but  the  form  of  the  mother  cell, 
as  we  have  shown,  is  probably  determined  by  functional 
hypertrophy  due  to  the  pressure  of  adjacent  cells  and  with  no 
reference  to  securing  anchorage  for  the  net  as  a  whole.  The 
meshed  structure  is  well  adapted  to  give  the  cells  a  maximimi  of 
light  and  food  supply,  but  the  chief  factor  in  producing  it.  the 
elongation  of  the  cells,  reverses  any  tendency  the  cells  may  have 
to  grow  either  toward  or  away  from  the  direction  from  which 
their  light  and  food  supply  reach  them.  To  all  theories  in- 
volving a  teleological  principle  as  a  controlling  factor  in  life 
processes  the  data  afforded  by  the  development  of  Hydrodktyon 
are  opposed.       The   adaptations  noted   are   plainly    indirectly 
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achieved  as  a  result  of  processes  which  only  indirectly  and  in- 
cidentally produce  the  purposeful  result. 

If  the  organization  of  the  water  net  is  achieved  by  interaction 
of  its  component  cells  ^-ithout  the  presence  of  a  corresponding 
organization  in  the  idioplasm  of  the  cells  themselves,  we  have 
one  case  at  least  in  which  Driesch's  fundamental  reason  for 
adopting  the  conception  of  a  vitalistic  teleological  principle 
which  shall  determine  and  direct  all  life  activities,  has  no  signi- 
ficance. As  is  well  known,  Driesch  returns  over  and  over  to  the 
argument  that  material  cells  or  chromosomes  cannot  be  the  real 
factors  which  determine  the  fonn  of  the  organism  as  a  whole 
either  in  ontogeny  or  in  heredity,  since  to  do  this  they  must 
themselves  be  conceived  as  having  a  complicated  machine  struc- 
ture specifically  differentiated  in  three  dimensions,  and  which 
would  of  necessity  be  destroyed  in  the  repeated  divisions  which 
they  undergo.  It  is  inconceivable,  he  repeats,  that  an  equipo- 
tential  harmonic  system,  whose  operations  are  based  on  a  me- 
chanical arrangement  of  its  parts  in  three  dimensions,  could  be 
divided  directly  into  two  equivalent  equipotential  harmonic 
systems'.  In  a  word,  if  there  are  form-determining  elements 
in  the  egg  which  hold  the  same  space  relations  to  each  other  as 
do  the  parts  of  the  adult,  it  is  inconceivable  that  the  egg  should 
divide  into  two  cells  which  are  toti-potent — capable  when  shaken 
apart  of  producing  the  entire  organism.  For  Driesch,  prefor- 
mation and  epigenesis  are  the  two  horns  of  a  veritable  dilemma. 
If  the  egg  be  simple  enough  in  its  organization  to  be  divided 
into  two  equipotential  halves  by  karyokinesis'  it  is  inconceivable 
that  it  should  contain  the  form-determining  factoids  which  con- 
trol ontogeny.  If  it  is  complex  enough  really  to  contain  the 
elements  which  determine  the  adult  stracture  in  their  proper 
space  relations,  it  is  inconceivable  that  it  should  divide,  as  it 
does,  into  equivalent  halves.  To  escape  this  dilemma,  Driesch 
takes  refuge  in  vitalism  and  assumes  the  existence  of  an  organic 
self-regulating  and  compensating  principle,  the  entelechie  which 
guides  the  process  of  organic  development  without  being  itself 
quantitative  or  a  spatially  localized  force. 

If  in  Hydrodictyon,  as  I  think  is  sufficiently  clear,  the  as- 
sumption that  the  organization  of  the  colony  is  either  spatially 
or  mechanically  represented  in  the  spore  is  entirely  unnecessary, 
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we  have  one  c<ise  at  least  in  which  we  escape  the  vicious  circle 
involved  in  Driesch's  alternatives. 

Driesch  bases  his  doctrine  on  a  study  of  the  vastly  more  com- 
plex processes  of  regeneration  and  embryological  development 
in  the  higher  animals,  but  he  certainly  aims  to  give  it  universal 
application  and  we  have  a  right  to  expect  that  its  application 
should  be  still  clearer  in  the  relatively  simple  cases  we  are  con- 
sidering. 

In  my  attempt  at  an  analysis  of  the  factors  which  determine 
the  organization  of  these  coenobie  and  partially  coenobie  plants 
we  are.  as  I  have  already  remarked,  confronted  with  a  mass 
of  imsolved  problems  and  the  interpretations  offered  must  be 
regarded  to  a  considerable  degree  as  hypothetical  and  to  be 
further  tested  by  observation  of  these  curious  plants  under  all 
sorts  of  natural  conditions.  Probably  all  we  can  say  is  posi- 
tively known  as  to  the  irritable  phenomena  of  the  Dictyostelium 
swarmers  is  that  they  are  hydrotropic  and  heliotropic  and  this 
last  quality  seems  to  have  no  special  morphogenetic  significance 
since  they  build  their  fruit  bodies  in  the  darkness  just  as  well 
as  in  the  light.  In  Hydrodictyon  the  facts  are  somewhat  clearer 
but  our  conclusions  as  to  the  chemical  and  contact  reactions 
are  still  too  largely  inferential. 

If  I  have  made  these  inferences  sufficiently  probable  to  justify 
their  acceptance  as  a  working  h^'pothesis.  my  main  object  is 
accomplished.  It  is  at  least  clear  that  none  of  those  h}-potheses 
which  regard  the  multicellular  organism  as  such  as  the  seat  of 
special  regulative  and  form-developing  principles  or  those  which 
assume  a  sort  of  spatial  mechanical  representation  of  the  or- 
ganization of  the  multicellular  organism  in  the  idioplasm  of  its 
cells,  can  have  any  application  to  these  coenobes  formed  by 
aggregation  of  free  and  independent  cells. 
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EXPLANATION  OF  FIGURES 

The  photographs  were  all  made  with  the  Zeiss  microphotographic 
stand  and  the  microplanar  and  apochromatic  lenses;  Figures  1  and  2 
with  microplanar  20  mm.,  Figure  4  with  microplanar  50  mm.,  Figures 
5-14  with  apochromatic  objective  8  mm.  compens.  ocular  No.  2,  Figure 
3  with  apochromatic  obj.  16  mm.  All  figures  have  been  reduced  about 
one-third  in  reproduction. 


PLATE  I 

Figure  1.  Portion  of  net  No.  3,  Table  2,  microplanar  20  mm.  and 
further  enlarged  on  bromide  paper.  Doubling  of  the  net  is  shown  in 
two  places.  The  net  is  several  daj's  old.  as  is  indicated  by  the  number 
of  pyrenoids  in  the  cells,  and  is  selected  as  representing  the  general  ap- 
pearance and  distribution  of  the  different  meshes:  7,  heptagonal 
mesh;  8  and  9,  hexagonal  meshes;  10,  tetragonal  mesh. 
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PLATE  II 

Figure  2.  Portion  of  mature  net,  microplanar  20  mm.  This  net  is 
old  and  much  torn  and  distorted,  and  is  in  a  stage  just  preceding 
reproduction.  The  fragment  photographed  shows  cells  with  free  ends 
and  a  four-sided  mesh  with  short  cells  at  one  of  whose  corners  a 
T-shaped  branching  of  the  cells  is  shown.  The  included  angles  of  the 
pentagon  No.  1,  the  hexagon  No.  2,  and  the  heptagon  No.  3,  are  given 
in  the  text.  Doubling  is  shown  in  the  lower  left-hand  portion  of  the 
figure. 

Figure  S.  Lines  of  thrust  and  the  resultants  shown  for  several 
cells  from  net  2.  Note  that  when  the  cells  are  curved  the  bending 
may  be  in  the  direction  of  the  resultant  of  the  thrusts  from  the  two 
opposite  ends  of  the  cell. 

Figure  ^.  Portion  of  net  8,  showing  the  general  distribution  of  the 
meshes  and  degree  of  regularity  of  the  different  polygons. 
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PLATE  III 

Figure  5.  Portion  of  a  mother  cell  shown  at  the  stage  when  cleav- 
age is  complete  and  the  sv/armspores  have  not  yet  begun  to  move. 
They  are  aggregated  in  such  a  fashion  as  to  leave  spaces  that  suggest 
vacuoles  in  their  outlines,  but  are  merely  intercellular  clefts  between 
the  spores. 

Figure  6.  A  contraction  stage  which  follows  the  stage  shown  in 
Figure  5,  within  a  few  minutes.  The  central  column  of  spores  em- 
bedded in  a  gelatinous  mass  is  shown  as  it  is  forming  at  the  upper 
end  of  the  figure.  In  the  middle  and  lower  portions  of  the  figure  the 
swarmspores  have  already  broken  away  from  the  central  column  and 
the  rounded  clouds  extending  from  the  central  column  towards  the 
mother  cell  wall  are  produced  by  the  actively  swimming  swarmspores 
as  they  scatter  in  the  free  space  of  the  mother  cell. 

Figure  T.  Showing  a  little  later  stage  in  which  on  the  left-hand 
side  the  swarmspores  have  already  reached  the  inner  surface  of  the 
mother  cell  wall  and  are  moving  much  less  actively,  as  is  shown  by 
the  fact  that  the  outlines  of  the  individual  cells  appear  in  the  plate  in 
some  cases.  The  central  gelatinous  column  is  still  seen,  and  the  out- 
line of  the  mother  cell  wall,  which  is  beginning  to  undergo  a  gelatinous 
swelling,  is  also  shown.  On  the  right,  and  toward  the  bottom  of  the 
figure,  the  swarmspores  have  not  yet  reached  the  mother  cell  wall. 

Figure  S.  Showing  the  spores  in  the  last  stage  of  their  swarming, 
when  they  are  still  moving  slightly,  but  not  sufficiently  to  prevent  their 
outlines  appearing  with  considerable  sharpness  on  the  photographic 
plate.  The  exposure  for  this  and  the  preceding  and  following  stages 
in  net  formation  was  45  seconds.  The  spores  are  seen  here  to  show 
in  many  cases  the  characteristic  groups  of  three,  and  it  is  possible  to 
determine  what  will  be  the  outline  of  many  of  the  future  meshes  of  the 
net. 

Figure  9.  The  spores  have  enlarged  slightly  at  this  stage  and  in 
some  cases  are  already  pressing  against  each  other  and  taking  on  an 
elliptical  outline.  The  outline  of  the  meshes  can  be  made  out  here  in 
a  large  per  cent,  of  the  cases  but  four-sided  and  three-sided  meshes  are 
still  scarcely  identifiable  and  there  are  many  groups  of  spores  in  which 
the  axes  of  elongation  of  certain  individuals  are  rather  difficult  of  pre- 
diction. 

Figure  10.  A  slightly  later  stage  in  which  a  considerable  per  cent, 
of  the  cells  have  become  somewhat  elliptical  in  outline  and  the  meshes 
of  the  net  are  for  the  most  part  plainly  discernible.  The  position  of 
the  ciliated  end  or  mouthpiece  of  the  spores  in  this  and  the  preceding 
figure  can  be  made  out  as  a  clear  region  contrasted  with  the  darker 
green  pigmented  portion  of  the  spores. 
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PLATE   IV 

Figure  11.  The  spores  are  all  considerably  elongated  and  elliptical 
in  outline.  They  now  appear  as  more  solidly  pigmented  bodies.  The 
outlines  of  the  meshes  are  definitely  marked.  A  cell  with  a  free  side 
near  the  middle  of  the  figure  has  failed  to  elongate.  Another  cell 
similarly  placed  toward  the  left  of  the  figure  has  grown  in  size  but  is 
still  globular  in  form. 

Figure  12.  The  cells  are  now  taking  on  the  characteristic  cylindri- 
cal form.  The  pyrenoids  appear  as  clear  spots,  but  for  the  most  part 
not  more  than  one  to  a  cell  as  yet.  The  growing  ends  of  the  cells 
appear  clear  and  hyaline.  The  chlorophyl  is  restricted  to  the  middle 
region  of  each  cell.  Such  stages  as  this  and  the  two  following  can  be 
obtained  in  great  abundance  in  the  latter  part  of  the  forenoon,  in  Au- 
gust and  September.  The  young  nets  are  still  enclosed  in  the  gelatin- 
ous mother  cell  wall. 

Figures  IS  and  ij.  These  represent  essentially  the  same  stage  as 
Figure  12,  and  are  included  to  illustrate  still  further  the  general  types 
and  distribution  of  the  meshes  in  ordinary  nets. 
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CICHORACEARUM  DC. 


Xeger  is  to  be  credited  with  the  discovery  that,  among  the 
mildews,  the  ordinary  morphological  species  may  consist  of  a 
number  of  physiologically  specialized  forms  which  are  limited  in 
their  occurrence  to  a  single  host  plant  or  to  a  group  of  closely 
related  host  plants.  In  his  work,  Xeger  (19)  used  conidia  of  the 
following  mildews: — Enjsiphe  cichoraceanim  DC,  E.  polygoni 
DC,  E.  gakopsidis  DC,  Microsphaera  astragali  (DC)  Trev., 
Vncinula  salicis  (DC)  "Winter.  U.  aceris  (DC)  Sacc.  and  Phyl- 
lactinia  corylea  (Pers.)  Karst.  He  found  that  conidia  from  one 
host  of  any  of  these  mildews  would  not  infect  plants  belonging 
to  another  genus,  except  in  two  cases.  Conidia  of  E.  cichoracea- 
rum  from  Senecio  vulgaris  infected  also  Lactuca  muralis  in  one 
trial  out  of  four,  and  conidia  of  E.  polygoni  from  Ranunculus 
repens  infected  Galium  silvaticum  in  one  case.  He  further 
foimd  that,  in  some  cases,  the  mildew  on  one  host  would  not 
infect  other  species  of  the  same  genus  as  that  to  which  the 
plant,  from  which  the  mildew  was  obtained,  belonged.  For 
example,  conidia  from  Artemisia  vulgaris  failed  to  infect  J.. 
absinthium.  Many  of  Xeger's  results  rest  upon  a  single  test. 
It  is  entirely  possible  that  had  he  made  further  trials  with  these 
plants,  he  would  have  arrived  at  different  conclusions.  In  my 
opinion  all  of  his  results  depend  upqn  inadequate  data. 

Marehal  (16)  later  announced,  on  the  basis  of  a  limited  num- 
ber of  experiments,  the  existence  of  seven  "formes  speciales" 
of  Erysiphe  graminis  DC.  on  various  grasses.  "With  one  excep- 
tion, each  specialized  form  was  found  to  be  limited  to  the  species 
of  a  single  genus  of  host  plant.  The  form  on  .species  of  Avena 
also  occurred  on  Arrhenatherum  elatius. 
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Marclial  gives  no  details  of  his  experiments,  and.  conse- 
quently, it  is  impossible  to  tell  how  far  his  results  are  reliable. 
There  is,  in  fact,  considerable  evidence  that  there  are  more 
than  seven  specialized  forms  of  Erysiphe  graminis  which  infect 
the  grasses  tested  by  Marchal.  Salmon  (26,  30)  has  found 
that,  instead  of  one  specialized  form  of  mildew  for  all  the  Brome 
grasses,  as  stated  by  Marchal,  there  are  probably  four  or  five 
distinct  biologic  forms  on  the  species  of  Bromus.  The  mildew 
on  Hordeum  vulgare  also,  according  to  Salmon  (27),  while 
able  to  infect  eight  species,  is  unable  to  infect  four  other  species 
of  this  genus.  Salmon's  other  results  with  conidia  of  the  grass 
mildew  in  general  confirm  those  of  Marchal. 

Salmon  (29)  has  also  obtained  interesting  results  with  conidia 
of  Erysiphe  polygoni  DC.  from  Tri folium  pratense.  These 
conidia,  while  able  to  infect  T.  pratense,  will  not  infect  other 
species  of  the  same  genus.  Salmon  has  also  tested  Erysiphe 
cichoracearum  DC,  E.  galeapsidis  DC,  and  Sphaerotheca 
humuli  (DC)  Burr,  on  some  of  their  respective  hosts.  IMany 
of  his  results  rest  upon  a  single  test.  The  data  given  in  most 
cases  are  insufficient  for  any  definite  conclusions. 

In  a  series  of  experiments  in  which  the  specialization  of  condia 
of  Erysiphe  graminis  DC.  from  Secale  cereale  and  Poa  pratensis 
was  tested,  I  (21)  found  that  the  mildew  on  both  these  hosts 
was  limited  to  species  of  the  same  genus.  Furthermore,  the 
mildew  on  the  blue  grass  passed  over  only  with  difficulty  to 
three  other  species  of  Poa. 

From  all  these  results,  it  is  evident  that,  in  the  cases  investi- 
gated, with  the  exception  of  the  doubtful  cases  recorded  by 
Neger  and  Marchal,  each  mildew  is  sharply  restricted  to  species 
of  the  same  genus  from  Avhich  the  mildew  was  obtained.  There 
is  also  some  evidence  that  in  a  few  cases  the  specialization  has 
gone  even  further,  certain  biologic  forms  being  restricted  to 
definite  species  of  a  genus. 

So  far  as  investigations  have  been  made,  the  results  of 
tests  in  which  ascospores  were  used  are  the  same  as  when 
conidia  were  taken  from  the  same  host.  Marchal  (17)  and 
Salmon    (25)    have   done   some   work   with   the    ascospores   of 
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Erysiphe  graminis  and  Voglino  (3S)  with  the  ascospores  of 
Phyllactinia  corylea,  but  have  obtained  no  evidence  that  the 
ascospores  can  infect  a  wider  range  of  host  plants  than  the 
conidia. 

Salmon  (28,  32)  has  further  tried  the  effect  of  injuring  a 
host  plant  in  various  ways,  and  then  inoculating  it  with  a  mil- 
dew which  normally  does  not  cause  infection  on  this  particular 
host.  For  example,  injured  leaves  of  barley  were  inoculated 
with  conidia  from  wheat.  The  barley,  under  these  conditions, 
readily  became  infected.  The  conidia  thus  produced  on  the 
barley,  however,  were  unable  to  infect  healthy  barley  plants, 
while  they  could  infect  normal  wheat  plants,  the  host  from 
which  the  mildew  was  taken.  Salmon  states  in  his  earlier 
paper  that  this  does  occur,  but  this  is  not  borne  out  by  his  later 
results. 

In  a  recent  paper  I  (22)  have  sho^^•n  that  the  mildew,  Ery- 
siphe cichoracearum  DC,  on  the  squash,  Cucurhita  maxi)n/i,  is 
able,  not  only  to  infect  several  cultivated  varieties  of  this  species, 
but  also  to  infect  six  varieties  of  Cucurlita  pepo,  two  varieties 
of  C.  moschata,  six  varieties  of  Cucumis  sativus,  and  two  varie- 
ties of  Lagenaria  vulgaris.  These  results  are  in  striking  con- 
trast to  those  hitherto  obtained.  This  mildew,  instead  of  being 
sharply  limited  to  the  species  of  a  single  genus,  is  capable  of 
infecting  at  least  five  species  belonging  to  three  different  genera, 
these  genera  all  belonging  to  the  one  family  of  the  Cucurbitaceae. 

In  continuing  my  investigations  of  physiological  specializa- 
tion, I  have  made  further  experiments  with  this  mildew  on  the 
squash  and  tested  its  capacity  for  infecting  a  number  of  cucur- 
bits belonging  to  various  other  species,  with  results  showing  that 
it  is  even  more  cosmopolitan  in  its  habits.  I  have  also  tested 
the  capacity  of  this  same  mildew  to  infect  plants  of  other  fami- 
lies, which  are  reported  as  hosts  of  Erysiphe  cichoracearum  in 
systematic  works.  The  mildew  occurring  on  species  of  asters 
was  also  tested  on  a  number  of  hosts.  This  mildew  belongs  to 
the  same  morphological  species,  E.  cichoracearum,  as  the  squash 
mildew. 

The  methods  employed  were  the  same  as  I  have  previously 
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described.  Seedlings  of  the  eueurbits  and  sunflower  were  grown 
in  four-  or  five-inch  flower  pots.  In  the  case  of  the  other  plants 
tested,  young  plants  were  brought  into  the  greenhouse  from  out 
of  doors.  The  seed  was  obtaiued  from  J.  M.  Thorbum  &  Co., 
of  New  York,  and  Henry  A.  Dreer,  of  Philadelphia. 

Simultaneous  inoculations  of  a  number  of  different  varieties 
were  usually  made,  at  least  one  being  of  the  same  species  as  that 
from  which  the  conidia  were  taken  for  inoculation.  If  this 
variety  became  infected,  it  was  regarded  as  evidence  that  the 
conidia  were  viable.  In  some  cases,  also,  some  of  the  conidia 
were  sown  in  a  drop  of  water  on  a  slide  and  placed  in  a  moist 
chamber,  and  the  extent  of  their  germination  noted  twenty-four 
hours  later.  In  each  test,  only  certain  plants  or  leaves  were 
inoculated.     The  others  were  kept  as  controls. 

I  have  put  the  results  of  these  experiments  in  tabular  form, 
describine  the  details  in  connection  with  each  table. 
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In  the  above  table  are  given  the  results  of  inoculating  varie- 
ties of  Cucurhita  maxima  with  eonidia  from  various  cucurbits, 
mainly  from  varieties  of  this  same  species.  The  large  number 
of  trials  with  the  Hubbard  squash  is  due  to  the  fact  that  seed- 
lings of  this  variety  were  used  as  controls  in  most  of  the  experi- 
ments in  which  eonidia  from  Cucurbita  maxima  were  soa\ti  on 
other  plants. 

Forty-three  tests  were  made  in  which  eonidia  from  varieties 
of  Cucurhita  maxima  were  sown  on  the  Hubbard  squash,  twenty- 
two  cotyledons  and  seventy-four  leaves  being  inoculated.  Fifteen 
cotyledons  and  sixty-three  leaves  became  infected.  Two  coty- 
ledons died  before  the  mildew  had  time  to  appear. 

In  two  experiments,  98h  and  106d,  a  few  infected  areas  were 
obser-ved  on  the  cotyledons  of  the  inoculated  plants,  no  eonidia 
having  been  sown  on  them.  This  was  probably  due  to  some  of 
the  eonidia  used  in  inoculating  the  leaves  falling  npon  the 
cotyledons.  In  several  experiments,  however,  infected  areas 
also  appeared  on  the  control  plants.  In  most  of  these  cases  the 
infection  was  observed  very  shortly  after  inoculation,  before 
the  mildew  had  time  to  develop  on  the  parts  of  the  plants  in- 
oculated. This  indicated  that  the  plants  had  become  infected 
before  they  were  used  in  the  experiment.  In  fact,  for  a  time 
the  seedlings  were  grown  in  the  greenhouse  only  a  short  dis- 
tance from  an  infected  squash  plant.  Some  seedlings  were  even 
found  with  small  infected  areas  among  those  used  in  the  tests. 
Conidia  had  doubtless  been  carried  from  the  infected  plant  to 
the  young  seedlings  in  these  cases. 

These  extraneous  infections  could  be  readily  distinguished 
from  those  resulting  from  inoculation  by  their  much  smaller 
size  and  by  their  being  limited  to  small  areas  of  the  leaf.  In 
contrast,  the  patches  of  mycelium  resulting  from  inoculation 
were  large  and  widely  distributed  over  the  leaf,  which  effect 
was  due  to  spreading  the  conidia  used  in  inoculation  over  the' 
entire  lamina. 

In  addition  to  the  Hubbard  squash,  six  other  varieties  of 
Cucurhita  maxima  were  tested.  All  of  these  readily  became  in- 
fected. 
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Not  only  could  the  Hubbard  squash  be  infected  by  conidia 
from  varieties  of  Cucurhita  maxima,  but  also  by  conidia  from 
Cucurhita  moschata,  Cuciomis  melo,  C.  sativus,  Citndlus  vul- 
garis, Echallium  elaterium,  Echinocystis  lobata,  Lagenaria  vul- 
garis, Melofhria  scahra,  and  Sicyos  angulatus.  "With  one  ex- 
ception, these  species  were  first  infected  by  conidia  from  the 
Hubbard  squash.  In  experiments  130a  and  130b.  the  conidia 
were  obtained  from  cucumber  vines  growing  in  the  Horticul- 
tural greenhouse,  about  a  half-mile  distant  from  the  greenhouse 
in  which  my  experiments  were  carried  on.  The  vines  in  the 
Horticultural  greenhouse  were  very  badly  infected  with  mildew 
and  these  tests  show  that  this  mildew  is  the  same  in  its  infect- 
ing capacity  as  that  originally  found  on  the  Hubbard  squash. 
The  conidia  used  in  experiment  135a  were  taken  from  plants 
previously  infected  by  conidia  obtained  from  the  cucumber 
vines  in  the  Horticultural  sreenhouse. 
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As  seen  in  the  table,  three  varieties  of  Cucurhita  moschata 
were  tested.  Eighteen  trials  were  made,  thirty-six  leaves  being 
inoculated.  In  all  the  experiments  except  two,  the  conidia 
used  were  taken  from  Cucurhita  maxima.  In  experiments  102a 
and  102e,  the  conidia  were  obtained  from  Cucurhita  foetidis- 
sima.  The  mildew  failed  to  appear  on  only  one  inoculated  leaf. 
In  experiment  97c,  a  few  infected  areas  were  observed  on  the 
eotj'ledons.  doubtless  due  to  some  of  the  conidia  used  in  inocula- 
tion falling  upon  them. 

The  conidia  produced  on  some  of  these  plants  were  sown  on 
seedlings  of  Cucurhita  maxima  and  C.  pepo.  causing  full  in- 
fection. 
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Seventeen  varieties  of  Cucurhita  pcpo  were  tested.  Varieties 
of  the  field  pumpkin,  the  bush  scalloped  squashes,  the  summer 
crookneek  squashes,  the  vegetable  marrow,  and  various  gourds, 
were  used.  Thirty-eight  cotyledons  and  one  hundred  and 
twenty-five  leaves  were  inoculated.  Thirty-four  cotyledons  be- 
came infected,  three  of  the  remaining  four  having  died  before 
the  mildew  had  time  to  develop.  One  hundred  and  eighteen  of 
the  inoculated  leaves  also  became  infected.  One  leaf  died 
shortly  after  inoculation. 

The  conidia  used  in  these  tests  were  obtained  mainly  from 
Cucurhita  maxima,  but  in  some  of  the  trials  they  were  taken 
from  C.  moschata,  C.  pcpo,  and  C.  fodticlissima. 

No  difference  was  uoited  in  the  capacity  for  infection  of  the 
various  varieties  tested.  They  were  all  equally  susceptible  to 
the  mildew. 

T.\BLE  IV.  —  Cucurhita  foetidissima  Kunth. 


No. 

Date. 

*.  .2"^ 

No.  of  parts 
inoc. 

m 

■ol 
25" 

Results. 

of 
exp. 

< 

conidia.           -^  | 

Coty. 

Lvs. 

Dat«      1  I°"<= 
1      Pl' 

Con- 
trols . 

6.if 

97j 

107h 

108e 

1906 
July    9 

Sept.  6 

Oct.     3 

Oct.     6 

26 
27 
27 
30 

Cucurhita 

maxima. 
Hubbard 

squash. 
Hubbard  — 

squash . 
Marblehead. 

sciuash. 
Marblehead. 

squash. 

1 
1 

1 
1 

2 
3 
3 
3 

1 
2 

July  23 
Sept. 17 
Oct    13 
Oct.  18 

+++ 

++ 

- 

1  Two  leaves  infected,  the  third  withered. 


This  cucurbit  is  generally  listed  in  the  seed  catalogues  under 
the  name  of  Cucumis  perennis.  Seedlings  were  successfully  in- 
fected with  conidia  from  Cucurhita  maxima  in  three  out  of  four 
trials.  Eleven  leaves  were  inoculated,  eight  becoming  infected. 
One  of  the  remaining  three  withered  before  the  mildew  had 
time  to  develop.  The  conidia  produced  on  the  infected  leaves 
were  able  to  infect  seedlings  of  both  Cucurhita  moscJtata  and 
C.  pepo. 
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Five  varieties  of  Tvatennelons  and  two  of  citrons  were  tested. 
Infection  occurred  ia  only  nine  out  of  the  thirty  trials.  No 
inoculated  cotyledons  became  infected  and  only  thirteen  out  of 
the  eighty-four  leaves  showed  any  indication  of  the  growth  of 
the  mildew.  In  a  few  cases  there  was  a  ver^t'  vigorous  growth 
of  the  fungus ;  in  other  cases,  however,  the  infection  was  slight. 
The  conidia  used  for  inoculation  were  obtained  mainly  from 
Cucurbita  maximu,  but  in  one  experiment  each  they  were  taken 
from  Melothria  scabra  and  Lagenariu  vidgaris. 

In  most  of  the  tests,  it  was  the  first  one  or  two  leaves  which 
were  inoculated.  In  experiment  109b,  the  inoculated  leaves 
were  first  injured  slightly  by  removing  part  of  the  upper  epi- 
dermis.    This  had  no  effect  in  favoring  infection. 

The  conidia  used  for  inoculation  were  obtained  mainly  from 
Cucurhiia  maxima  in  experiment  113.  table  I.  causing  full  in- 
fection. 


Table  W.  —  Coccinea  cordifolia   Cogn. 


No. 
of 

Date. 

2  a  >-. 
as 

t£— — 

Source  of      "SSI 

No.  of  parts 
inoc. 

■i. 

if 

Results. 

exp. 

conidia.         -"Es 

T.~     Coty. 

Lvs. 

Date. 

Inoc. 
Pl. 

Con- 
trols. 

69g 

71h 

76i 

84c 

120d 

128h 

110b 

llOh 

1906 
July  23 

July  24 

Aug.    7 

Aug.  20 

1907 
Feb.  25 

Apr.     8 

1906. 
Oct.  10 

Oct.  10 

25 
25 
39 
28 
32 
72 
29 
29 

Cucurbita         \ 
maxima,     i 
Hubbard....!      2 

squash.      1 
Hubbard....        2 

squash. 
Hubbard  ..   i      1 

squash.      , 
Hubbard....       2 

squash.      1 
Hubbard....!      2 

squash.      1 
Hubbard....        1 

squash,      i 
Marblehead.;      2 

squash.      ! 
Marblehead.       1 

squash. 

2 

4 
4 

2 
4 
4 
3 

4 
2 

1 
1 

1 

1 

1 

1 

1 

1906 
Aug.    2 

Aug.    8 

Aug.  15 

Aug.  30 

1907. 
Mar.    4 

Apr.  20 

1906 
Oct.  18 

Oct.  18 

- 
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In  the  seed  catalogues  this  plant  is  usually  listed  imder  the 
name  of  Coccinea  indica.  No  successful  infections  were  ob- 
tained with  seedlings  of  it.  although  twenty-seven  leaves  and 
two  cotyledons  were  inoculated  in  the  eight  trials.  The  conidia 
used  in  all  these  experiments  were  taken  from  Cucurhita 
maxima. 

This  cucurbit  differs  from  all  the  others  tested  in  the  marked 
waxy  cuticle  on  the  surface  of  its  leaves,  giving  them  a  smooth, 
shiny  appearance.  AVhether  such  a  structural  characteristic 
is  of  importance  in  determining  a  plant's  liability  to  infection 
is  discussed  in  another  connection. 
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Both  the  small  gherkin  and  the  gooseberry  gourd,  belongmg 
to  this  species,  were  tested.  Four  cotyledons  and  twenty-six 
leaves  of  the  former  were  inoculated,  only  four  leaves  becoming 
infected.  On  the  other  hand,  out  of  fourteen  leaves  of  the 
gooseberry  gourd  inoculated,  eleven  became  infected.  The 
conidia  used  in  all  of  these  experiments  were  obtained  from  Cu- 
curhUa  maxima. 

From  these  results,  it  is  seen  that  there  was  a  noticeable  dif- 
ference in  the  susceptibility  of  these  two  varieties  to  the  mildew. 
This  was  the  only  case  where  such  a  difference  in  capacity  for 
infection  was  observed  among  varieties  of  one  species. 

Table  VIII. — Cucumis  dipsaceus  Ehr. 


No. 
of 

Date. 

exp. 

< 

67c 

1906 
July  12 

16 

81b 

Aug.  17 

24 

84a 

Aug.  20 

14 

88m 

Ang.  24 

18 

107  i 

Oct.     3 

30 

lOSf 
120e 

Oct.     6 

1907 
Feb.  25 

30    i 
32 

128c 

April  8 

28 

Source  of 
conidia. 


No.  of  parts 
I    5  .         iuoc. 

L|'*''!coty.  Lvs. 


Cucurbita 

maxima. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Marblehead 

squash. 
Marblehead 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 


Results. 


Date. 


Inoc.       Con- 
pi.        trols. 


1906 
July  23 

Aug.  24 

Aug.  30 

Aug.  30 

Oct.  13 

Oct.  18 

1907 
Mar.    4 

Apr.  20 


++- 
++' 

++* 

+++ 


'  Only  leaves  infected. 

2  One  leaf  of  each  plant  infected. 


5  Only  one  leaf  infected. 

■•  Fair  infection  of  three  leaves. 


Eight  tests  were  made  with  seedlings  of  the  Hedgehog  gourd, 
four  cotyledons  and  forty-one  leaves  being  inoculated  with 
conidia  from  CucurMta  maxima.  Seventeen  of  the  leaves  became 
infected.  The  mildew  never  developed  abundantly  on  these 
plants,  and  did  not  produce  the  vigorous  growth  characteristic 
of  most  of  the  other  cucurbits. 


[24] 


REED INFECTIONS  WITH  ERYSIPHE  CICHORACEARUM  DC. 


361 


c  o 


1  I 


M  M  I  I  I  I  I  M  '  I 


I  i 


I++ 


++ 
++ 
++ 


+  4-+C    I 

TTI  +  I+++I  III  I  I  I 
^^  +  ++    + 


++ 


++ 
+ 


MC^l  i-l       11  1-1         _M       CC««m«-"'^?l        i-HCli-c 

"3S3        3        3»c       "aa      —  3  3  3  5  s  O  U  3  3  3  c  3  3  o 


S       8! 


-noo  JO  -ofj 


?M-        M        rtCli-H  T-rt  i-I^ClCl-HCl^-I^^CCrt-Hrtrt        —1  1-1^4     a 


i-H  c>i  1-1      M      CO  ■»  ec  C'l « 


:C  Cl ->■  N  Cl  « -"S"  N  M  •*  M  M  r*  eo        M 


•pes  a 
s^uBxd 


N  M  I-l       e^j       M  W  CJ  C>]  CI 


n  ^HMCl  ^HCCCl  1-li-H  WMdW  ?o        ^^ 


e  =  g.§.|.S5g.g.2. 


~   B  3  3  r 


JJ3  -iffl  2.3^ja 

JSJS 

to  <»•«  3  S  'f'  "1  ■" 

a  « 

3=83^-33 

•^  K  '5  c5  5  7.  J  5 

K    X 

—  -3  »  ^  ^-o-^-a 

"-■C 

3  *  2  ^ .~  «  s:  * 

«  s 

J2^C  i-CJ2Jj: 

^i 

X.o~-r  s- j:^^ 

j:^ 

33rS?333 

3  3 

aK^ajEXK 

SS 

:   :  :  :  ;^J3  :::::::     u 

■J,  K  •/.   X   X   :i  -  K   X   •/.   X  X   X  K     •  3 


:  3  3 


«  X  to 

3  3  3 

ssa 

©CO 
ty:  t£  tic 

«  5:  SJ 

CO    X    M 

000 


O  (D  O 

S6c 

£0  to  en 
3  3  3 

S6S 

<D  0)  O 
X    X    X 

aa  a 

(^   b   u 


•  c  a  13 

g_o_c_o 

-H-^.^— .  (DO© 


_c_o 

"5  0) 


'c'ffi'c'j  5  5  j^^-a^j.! 


Oi 


I  c  c  a;  -  c  - 

3  3  3        3 

n  3     3 


Js^^^^^^  E  E  ^ 

=  2  =  12  =  2333333 

£E  =  =  £££goc  o^  CjO  © 

O  <B  C  C   O  ®  SOOCwSIS^  ^ 

•c -c -r -r -c -c -r                38  ee  eu  a: 

3*.»3S333333uuLri  u 

o£iEc«'CC£ai®a)©(Lc  o 

OOfif5;ipG-33o5awi3  S 


3  3 

££ 


^f= 

oi 

0) 

2;^! 

-a 

■73^ 

a 

ts  ed 

■0 

9  c 

fifi 

>, 

HW 

0 

•(SiiBp) 

sinBjd 
JO  aSy 


1-1 M  m     eg      m  -h  ea 


CO 

O  *  ®  to, 

g  a  a.? 


00        50-*CO 


3  <E     "^  =  a 


t-MO-*;oco«D-<oor-ooot-«  » 

nWC^lM  CO        -HCO        1-1 

s^^ti  «■£,*;•  ^^txtiti  6C  tan.  "S, 

"3333  ~  O  Os33333c  5^ 

'^ 'Tl  <•«:  CC  O  0 1-5  <*«  <!«<<:!»  C» 


i«iftOc-      ^      ;caoo»  1-11-1 


-X  "-C  oc  oc  Ci  O  O  t-  c-  00  ac  t-  <JC  Ci 


[25] 


362 


BULLETIN    OF    THE   UNIVERSITY    OF   WISCONSIN 


> 
I 


•SJOJl 

■noo  JO  -ojj 


■pesn 

JO     ON 


+  1      I      Mill      I      MINI 


I  I 


+t,+±   + 


+  I++ 


=  ++t 


1+  ^  l±\l±  I  \i  +  \V++    +tt+± 


+  ^+ 


++_ 


OJ  1-1»H 


•(SiBpi 

sjnBid 
JO  eay 


Bi=3oU       ^        3S  =  =  ffi  CE  O  U 


faS 


*  D.  a  ■ 


rj       M  M  n  C'l  r: 


cc      cc  cc  wcidri  rrd 


•  ^'  *-"*  c3  c3  CO  sS  cc  c      'r?  cc  flC  c8  CO  aj  tf  -  .'j 


GS 

"Ea 
aa 

a  s 


^^ 


U    Li    I 

SE 


.^J3^^^ 


3  3 

O  U 

e8  a 

c  = 


~  2 


EEEEEEES 


•w!S»COcOcBCOCS 

3ac:  =  3aca 

<D  1L   ^  ^  ^  ^         © 

Soocccsc 


■*OS  — t-1-i 


coco        30        t'Jt— MOC- 
PJ        1-1  —  —  M  N 

OO        (D        fl333a) 


*        =33-^3  c  c  o 


cc  C3  :c  C>1  7? 


a  a  I 


KS 


a  a  a 
=  3  = 

axs 


en  ^  u  i<  cc 

a  a  s  a  a 
a  K  X  a  a 


OSMMt-  — 


CVIM        «        ^rtI>lrtM        eC        e^lMWMNMCCW  rtCCWMK 


&■!  L"?  O  »^  t^ 

Sxx  i'  "^  5" 

—  c  a  =  a  * 


■_T3  axx 

c-  »  o  05  w     I.-: 

^  ^  00  30  O        *— < 


CDO<£  aooo  Ji  O -^  T-tC^WW»3 


[26] 


^- 

M 

cc 

M  re  rt  « ■M  —  ^]  — 

co« 

C^l 

CM  M  -#  ri  «  ■ 

mm^'*-3--*oa:! 

w5CM-*:r 

-* 

-  :  i  i ; 

- 

==:;;; 

-ca^ 
2f.2 

~   O   M 


'5  a^ 


lit-: 

a 

tJ  O  t. 

a  ©  g 

-*^     " 


S  g  s 

X  ®  a 

ill 


SZ» 


o 

." 

T  s 

1^ 

s 

Ti 

m 

0 

a 

•^ 

c 

a 

> 

o 

a 

- 

, 

a 

4- 

a 

i: 

-a 

~ 

a 

a) 

s 

>. 

IS 

n 

2 

5 

^ 

m 

o 

S 

<D 

■*\ 

a 

:^^ 
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Six  horticultural  varieties  of  inuskinelons  were  tested,  seventy- 
two  leaves  and  eleven  cotyledons  being  inoculated  in  the  twenty- 
eight  dift'erent  trials.  Four  cotyledons  and  thirty-nine  leaves 
became  infected.  Three  cotyledons  died  before  the  mildew  had 
time  to  develop.  The  conidia  used  for  inoculation  were  taken 
largely  from  Cucurbita  maxima,  but  in  one  experiment  each 
from  CitniUiis  vulgaris  and  Ciicumis  sativus. 

In  addition  to  these  horticultural  varieties,  three  recognized 
botanical  varieties  were  also  tried.  Variety  flexuosus  (Cucumis 
flexuosus  Linn.)  was  tested  in  six  experiments,  fifteen  leaves  and 
eight  cotyledons  being  inoculated.  Eleven  leaves  became  in- 
fected, all  the  cotyledons  having  died. 

The  Pomegranate  melon,  var.  Dudaim  (Cucumis  Dudaim 
Linn.=C'.  odoratissimus  Moench).  was  used  in  nine  trials. 
Forty  leaves  and  cotyledons  were  inoculated,  twenty-two  l)e- 
coming  infected. 

Five  tests  were  made  with,  the  Mango  melon,  var.  Chito. 
Twenty-two  leaves  were  inoculated,  sixteen  becominir  infected. 
All  the  inoculated  eotviedons  died. 
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In  the  above  table,  tests  are  recorded  on  eight  varieties  of 
cucumbers,  two  of  which  I  had  previously  experimented  with. 
Sixty-two  leaves  and  sixteen  cotyledons  were  inoculated.  The 
mildew  developed  on  fifty-six  leaves  and  fifteen  cotyledons.  The 
conidia  were  obtained  from  Cucurhita  maxima,  Eckinocystis 
lobata.  and  Cucumis  sativus.  In  experiment  133,  the  conidia 
were  secured  from  the  infected  cucumber  vines  in  the  Horti- 
cultural greenhouse.  The  conidia  produced  on  these  plants 
were  used  to  successfully  infect  the  Hubbard  squash  in  experi- 
ment 135a  (table  I). 


Table  XI.  —  Cyclunthera  explodens  Nald. 


No. 

of 

«xp. 


68k 

1906 
July  17 

19 

69b 

July  23 

2.5 

80b 

.A.ug.  13 

21 

90b 

Aug.  30 

13 

91e 

Sept.  3 

17 

114c 

Not.    5 

31 

113g 
123a 

Nov.  17 

1907 
Mar.  20 

43 

la 

12.5e 
98g 

Mar.  .30 

1906 
Sept.  10 

28 
17 

103b 

Sept.  17 

24 

107j 

Oct.     3 

30 

110c 

Oct.    10 

37 

Source  of 
conidia. 


Cucurbita 

mrtrima, 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash . 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Marblehead 

squash. 
Marblehead 

squash. 
Marblehead 

squash. 
Marblehead 

squash. 


2  . 

d'S.a 

2; 

No.  of  parts 
inoc .        J 

Ck)ty. 

Lvs. 

2 

3 

1 

4 

2 

6 

3 

3 

2 

3 

1 

■    2 

5 

2 

6 

1 

2 

1 

1 

4 

2 

6 

1 

3 

1 

4 

1 

5 

1 

Results. 


Date. 


Inoc. 
pl. 


Con- 
trols. 


1906 
Jnly  24 

Aug.    2 

Aug.  23 

Sept.  6 

Sept.  10 

Nov.  14 

Nov.  30 

1907 
Mar.  30 

April  8 

1906 
Sept.  26 

Oct.     2 

Oct.  13 

Oct.  18 


+++ 


1  Two  leaves  infected.  •  One  leaf  infected.  ^  Four  leaves  infected. 

*  Five  leaves  infected,  an  infected  area  on  a  cotyledon  just  below  an  infected  leaf. 
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The  squirting  cucmnber  was  used  iu  thirteen  tests.  Out  of 
fifty-three  leaves  and  four  cotyledons  inoculated,  twenty  leaves 
and  two  cotyledons  became  infected.  The  conidia  used  were 
taken  from  Cucurhita  maxima.  While  there  never  was  a 
vigorous  growth  of  the  mildew  on  this  host,  yet  conidia  were 
produced  fairly  abundantly. 


Table  Xll.—EcbaUiuui  elaterium  A.  Rich. 


No. 
of 

Date. 

ng^ 

exp. 

80c 

1906 
Aug.  13 

49 

97g 

Sept.  6 

31 

Source  of 
conidia. 


Cucurbita 
mnxinia . 

Hubbard 
squash. 

Hubbard 
squash. 


a  B  (0 
d'3.3 

No.  of  parts 
inoc. 

a 
o 

Coty. 

Lvs. 

1 
1 

2 
3 

1 

Results. 


i>at-    ^T-    tSit 


lf06 
Aug.  23        — 

Sept.  17  ,    ++ 


This  cucurbit  is  sold  under  the  name  of  Muniordica  elaterium. 
Only  two  tests  were  made  with  it,  five  leaves  being  inoculated. 
Three  of  these  became  well  infected  and  the  conidia  obtained 
were  used  to  successfully  infect  the  Hubbard  squash  in  experi- 
ment 101   (tal)le  I). 
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No. 
of 
exp. 


Date.       =  s  « 


1906 
41b    I  May  14 
41c       May  14 
46b       June    5 


42b 
43b 
43c 
47a 
58b 
60c 
60d 

12.3b 
125g 
126c 
128d 
129d 

56 


May  13 
May  19 
May  19 
June  1.3 
June  23 
June  28 
June  28 

1907 
Mar.  20 
Mar.  30 
Apr.  1 
Apr.  8 
AjT.  10 

1906 
June  23 


Source   of 
couidia. 


o  «  i 
6  as 
z 


J^ageiutria 
rulfffirix . 

Dipoer gourd 
Dipper  gourd 
Dipper  gourd 

Cucni-b-ta 

maxima. 
Hubbard 

squash. 
Hubbard 

srjuash. 
Hubbard 

squa.-5li. 
Hubbard 

squash. 
Hubbard 

.•?!  luash . 
Hubbard 

squash. 
Hubbard 

squash. 

Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 

Cucumii 

xativux . 

Early  Cluster. 

cucumber. 


No. of  parts 
inoc. 


Coty.    Lvs 


Results. 


T»»».^      !  Inoc.        Cen 
Date.  „i  t^^i^ 


pi. 


trols . 


1906 
May  23     -H-f 
May  23  |      ++ 
Jane  13         ++ 


May  27 
June  5 
June  5 
Jane  18 
July  6 
Jtdy  9 
•July    9 

1907 
Mar.  30 

Apr.     8 

Apr.  10 

Apr.  20 

Apr.  20 

1906 
July    9 


-+- 


-l-H-        - 


+-H- 
+++ 


'  The  15th-17th  leaves  inoculated. 

-  Leaf  only  infected,  cotyledon  yellow. 

^  22nd-24th  leaves  inoculated;  conidia  produced  sparingly. 

*  One  leaf  infected. 

'  4tb-^th  leaves  inoculated. 

■'  6th-8th  leaves  inoculated. 

The  plants  used  iii  1906  were  obtained  out  of  dooi-s  in  the 
spring,  brought  into  the  greenhouse  and  planted  in  Hower  pots. 
Those  used  in  1907  were  grown  from  seed  collected  in  the  fall 
and  planted  in  Hower  pot.s  which  were  left  (Jut  of  doors  during 
the  winter.  These  were  then  brought  into  the  greenhou.se  in 
the  early  spring  before  the  seeds  had  germinated.  I  was  un- 
able to  get  the  seed  purchased  from  the  seed-stores  to  germinate. 

Altogether  .sixteen  tests  were  made,  thirty-four  leaves  and  eleven 
cotyledons  being  inoculated.  These  were  inoculated  with  conidia 
from  Cucurhita  maxima,  Ciiciimis  sativus,  and  Lagenaria  vul- 
garis. Twenty-seven  leaves  and  ten  cotyledons  became  infected. 
The  conidia  produced  on  these  plants  were  used  to  successfully 
infect  both  the  Hubbard  squash  and  cucumbers. 
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In  my  previous  paper  I  have  shown  that  two  varieties  of  this 
species,  the  Bottle  and  Dipper  gourds,  can  be  readily  infected 
by  the  mildew  from  the  Hubbard  squash.  In  addition  to 
further  tests  with  these  two  varieties,  four  others  have  been 
tried.  In  the  nineteen  experiments  here  recorded,  forty-nine 
leaves  and  five  cotyledons  were  inoculated.  Thirty-eight  of  the 
leaves  became  infected,  while  no  gro-^-th  of  mildew  occurred  on  the 
cotyledons.  Seedlings  of  Cucurhita  maxima,  C.  pepo,  Cucumis 
sativus,  and  Echinocystis  lohata  were  all  successfully  infected 
with  the  spores  produced  on  these  varieties. 
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Seedlings  of  two  species  of  Lujfa  were  tested.  Thirteen  leaves 
and  cotyledons  of  Lujfa  acutangula  and  twenty-nine  of  L. 
a^gyptiaca  were  inoculated.  None  of  these  became  infected. 
It  may  "be  noted  that  the  epidermis  of  these  rag  gourds  is  very 
hard  and  rough  as  compared  with  that  of  other  cucurbits. 

Table  X.Yl.—Melothria  scabra  Xald. 


No. 

of 

ezp. 


34a 

38 

49 

53c 

60f 

6.5d 

77j 

.50 


Date. 

< 

1906 

Apr.  18 

u 

Apr.  27 

43 

June  13 

90 

.Jane  18 

24 

Jane  28 

34 

Jaly    9 

4.5 

Aag.    8 

29 

June  13 

90 

Scarce  of       "t:  =-r 
conidia.  '  *  S: 


No.  of  parts 
inoc. 


Results. 


=  --;Coty. 


CucurbHa 

moschala. 
Winter 

Crookneck 

squash. 
Cucurbila 

maxima. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Cucumi.i 

sativus. 
Early  Cluster 

cucumber. 


Lts. 


-3" 
3 
4 
2 
4 
3 


2; 

Date. 

Inoc. 
Pl. 

Con- 
trols. 

1906 

3 

Apr.  27 

++» 

- 

2 

May  14 



_ 

1 

June  23 

+++=> 

- 

0 

June  28 

++» 

- 

6 

July    9 

- 

- 

3 

July  23 

- 

- 

1 

.\ug.  15 

— 

— 

1 

June  23 

+++* 

'  Three  cotyledons  and  two  leaves  infected. 

-  Different  plants  in  the  same  pot  were  used  in  experiments  49  and  -50. 

'"  One  cotyledon  and  two  leaves  infected. 

■•  Three  largest  leaves  infected  . 


In  the  eight  tests  with  this  species,  thirty-six  leaves  and  coty- 
ledons were  inoculated,  fourteen  becoming  infected.  As  in  the 
case  of  Cyclanthera  explodens,  there  never  was  a  rich  develop- 
ment of  mildew  on  this  species.  Still  conidia  were  formed  fairly 
abundantly  and  were  able  to  cause  infection  on  the  Hubbard 
squash  and  the  watermelon. 
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The  balsam  apple  and  the  balsam  pear  were  tested  only  a  few 
times.  Out  of  six  leaves  of  the  former  which  were  inoculated 
two  became  infected,  while  the  mildew  developed  on  three  out 
of  the  five  inoculated  leaves  of  the  latter.  The  eonidia  for  these 
tests  were  taken  from  Cucurhita  maxima. 

Table  XVIII. —  Sicyos  nngulatus  Linn. 


No.  of  parts 

a 

0 

Resnlts. 

No. 
of 

Date. 

4J  m 

0  2  ts 

Source  of 
eonidia. 

■3§1 

inoc. 

s-o 

5-- 
< 

z 



Coty. 

Lvs. 

6i 

Date. 

Inoc. 
Pl. 

Con- 
trols. 

Cucurbita 

1906 

1906 

marima 

58a 

June  23 

Hubbard 
squash. 

4 

July    6 

1 

60e 

June  28 

Hubbard 
squash. 

3 

July    9 

— 



114i 

Nov.    5 

31 

Hubbard 
squash. 

2 

2 

Nov.  14 

-T-T- 

115f 

Nov.  17 

43 

Hubbard 
squash. 

o 

4 

2 

Nov.  .30 

-++» 

— 

117 

Dec.    6 

go 

Hubbard 
squash. 

9 

^ 

Dec.  20 

1907 

1907 

120i 

Feb.  23 

.55 

Hubbard 
squash. 

2 

3 

Mar.    4 

+» 



122a 

Mar.  13 

71 

Hubbard 
squash. 

4 

Mar.  20 

-H-* 

12.5a 

Mar.  30 

88 

Hubbard 
squash. 

1 

1 

Apr.  12 

++» 



127b 

Apr.     6 

U 

Hubbard 
squash. 

2 

1 

2 

Apr.  13 

+-H-» 

— 

128a 

Apr.     8 

16 

Hubbard 
squash. 

2 

4 

2 

1 

Apr.  20 

+++* 

— 

129e 

Apr.  10 

21 

Hubbard 
squash. 

4 

2 

Apr.  20 

— 

— 

129f 

Apr.  10 

21 

Hubbard 
squash. 

4 

2 

1 

Apr.  20 

-H-« 

— 

132c 

May     7 

40 

Hubbard 
squash. 

2 

1 

1 

May  20 

++' 

— 

1.32d 

May     7 

40 

Hubbard 
squash. 

2 

1 

1 

May  20 

++• 

— 

l.^b 

May  13 

46 

Hubbard 
squash. 
Cucv.mis 

sativui. 

2 

3 

1 

May  20 

++* 

135b 

May     20 

1906 

.53 

White   spine 
Imp.  cucam- 
ber. 



3 

June    1 
1906 

" 

116 

Dec.    6 
1907 

62 

Sicyos 

auf/ulatus. 

2 

4 

Dec.  20 

+^4- 

136 

May  22 



Sicjjos    ' 

1 

June    2 

T 

angulalus. 

'  The  25th  and  2Sth  leaves  inoculated. 

-  Both  cotyledons  and  three  leaves  infected. 

'*  One  cotyledon  infected. 

*  One  leaf  infected. 

^Fine  infection  of  cotyledons,  slight  of  leaves. 

"No  infection  of  leaves 

"  A  leaf  of  the  plant  used  in  experiment  134b  inoculated  with  eonidia  from  the  same. 
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The  first  tests  with  the  star  cucumber  were  made  with  plants 
which  were  brought  in  from  out  of  doors.  Young  leaves  of 
rather  old  plants  were  inoculated,  none  of  which  became  infected. 

In  the  fall,  seed  was  collected  and  seedlings  were  grown  dur- 
ing the  winter.  These  plants  had  much  smaller  leaves  than 
those  used  in  the  spring :  they  also  tended  to  flower  while  small 
and  dwarfed.  Both  leaves  and  cotyledons  of  such  plants  readily 
became  infected  when  inoculated  with  conidia  from  the  squash. 
The  conidia  produced  on  these  in  turn  were  able  to  infect  other 
seedlings  of  this  species  and  also  the  Hubbard  squash. 

Seedlings  which  were  gro^\-n  in  the  following  spring  were  also 
tested.  These  were  normal  in  size  and  appearance.  The  mildew 
developed  quite  "\Tigorously  on  the  inoculated  cotyledons  but  only 
slightly,  if  at  all.  on  the  leaves,  although  young,  expanding 
leaves  were  inoculated.  In  experiment  136.  a  leaf  Avas  in- 
oculated with  conidia  taken  from  the  cotyledons  of  the  same 
plant,  but  no  infection  occurred. 

Altogether  twenty-seven  cotyledons  and  forty-eight  leaves 
were  inoculated.  Twenty-six  cotyledons  and  twenty-two  leaves 
"became  infected,  most  of  the  latter  only  slightly.  From  these 
results,  it  is  evident  that  there  is  a  marked  difference  between 
the  cotyledons  and  leaves  in  their  susceptibility  to  the  mildew. 
No  such  difference  was  observed  in  anv  other  cucurbit. 
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The  above  table  gives  tbe  results  of  the  tests  in  which  conidia, 
taken  from  plants  belonging  to  other  families  than  the  Cueur- 
bitaceae,  were  sown  on  Cucwbita  maxima.  In  four  experiments, 
the  conidia  were  obtained  from  species  of  asters.  None  of  the 
twelve  leaves  and  cotyledons  inoculated  became  infected.  In  ex- 
periments 25c  (table  I)  and  26,  different  seedlings  in  the  same  pot 
were  used.  The  cotyledons  and  one  leaf  of  one  seedling  were  in- 
oculated with  conidia  from  the  Hubbard  squash,  while  the 
same  pai'ts  of  another  were  inoculated  with  conidia  from  Aster 
laevis.  At  the  end  of  fifteen  days,  the  inoculated  parts  of  the 
first  plant  were  covered  with  a  rich  growth  of  mildew,  while 
on  the  second  plant  no  infection  resulted.  The  control  plant 
used  in  this  experiment  also  remained  entirely  free  from  mildew. 

Conidia  from  the  sunflower  infected  the  Hubbard  squash  in 
the  one  trial  made.  The  conidia  were  taken  from  plants  which 
had  previously  been  infected  with  the  squash  mildew.  This 
test  is  not  quite  conclusive  because  a  few  small  infected  areas 
were  observed  on  another  leaf  of  this  same  plant.  These  areas 
differed  in  appearance,  however,  the  mildew  occurring  only  in 
small  isolated  patches. 

Out  of  ten  leaves  of  squash  plants  inoculated  with  conidia 
from  Plantago  rugelii,  six  became  infected.  In  some  cases, 
the  conidia  used  were  obtained  from  plantain  plants  previously 
infected  with  the  squash  mildew,  in  others,  however,  conidia 
of  the  mildew  occurring  in  nature  on  the  plantain  were  taken. 
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Table  XX.  —  Plaritago  rugelii  Decaisne. 


No. 

of 

exp. 


Date. 


60b 
64a 
&kl 
67d 
68b 
69rt 
71b 
7.5c 
76b 
76e 


SOf 
b2a 
88a 
90h 
97k 
100a 


123d 

70b 
108c 
8.5a 
99b 
lOla 


1906 
!  June  28 
July  6 
Julv  6 
July  12 
July  17 
Jnlv  23 
)  July  24 
r  Aufr.  7 
Aug.  7 
Aus.  7 
Aug.  8 
Aug.  8 
Aug.  1.3 
Aug.  18 
Aug.  24 
Aug.  30 
Sept  6 
Sept.  11 

1907 
Mar.  -20 

1906 
July  24 
Oct.  6 
Aug.  20 
Sept.  n 
Sept.  17 


Source  of  conidia. 


Ctifurbila  maxima. 

■lT.,ui a    


yiiruroini  ma 3 
Hubbard  squash. 
Hubbard  squash. 
Hubbard  squash. 
Hubbard  squash. 
Hubbard  squash. 
Hubbard  squash. 
Hubbard  squash. 
Hubbard  squash. 
Huobsrd  squash. 
Hubbard  squash. 
Hubbard  squa-h. 
Hubbard  squash. 
Hubhard  squash 
Hubbard  ,~quash. 
Hubbard  squash. 
Hubbard  .~quash. 
Hubbard  squash. 
Hubbard  squash. 


Results 


Date. 


Inoc. 


1906 
July     7 
July  16 
July  16 
July  23 
July  27 
Aug.    2 
Aug.    8  , 
Aug.  15  j 
Aug.  15  j 
Aug.  15  I 
Aug.  15  I 
Aug.  15  ! 
Aug.  23 
Aug.  30 
Sept.   3 
Sept.  6 
.  Sept  17 
I  Oct.     2 


-f+ 


1 

1 


Hubbard  -quash.... 

Marblehead  squash 
Marblehead  squash. 

Plantago  rvgelix 

Plantago  rugelii 

Plantago  rugetii... . .    . 


1907      1 

1 

Mar.  .30 

1906 

3 

Aug.    8 

3 

Oct.  18 

9 

Aug.  30 

3 

Oct.     2 

3 

Oct.     2 

'  Both  surfaces  of  the  leaves  inoculated. 
-  Only  one  leaf  infected . 
^  Petri  dish  method. 


Out  of  fifty-four  leaves  of  plantain  -whicli  were  inoculated 
"with  conidia  taken  from  squashes,  ten  became  infected.  A  good 
vigorous  growth  of  mildew  resulted  in  most  of  the  cases,  the 
conidia  thus  produced  being  used  to  successfully  infect  the 
Hubbard  and  -Marblehead  squashes.  ^lany  of  the  leaves  which 
were  inoculated  and  which  did  not  become  infected  were  badly 
eaten  by  thrips.  No  infection  occurred  on  such  injured  leaves 
of  any  host.  The  mildew  developed  only  on  the  young,  vigor- 
ously growing,  healthy  leaves. 

The  three  attempts  to  infect  leaves  of  plantain  with  conidia 
from  the  same  host  failed.  In  some  cases  the  supply  of  conidia 
for  inoculation  was  seantv. 
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Table  XXI.— Aster  cordifoHus  Linn. 


No. 
'  of 
exp. 


18 

20 

22 

29c 

29e 

30 

32a 

32b 

12 

16 

21a 

52f 

62d 


Date. 


6c 


9b 
10 
23 
3oc 

13 


1906 
Mar.    7 
Mar.  15 
Mar.  20 
Apr. 
Apr. 
Apr.  11 
Apr.   17 
Apr.   17 
T^eb.  28 
Mar.    7 
Mar.  1.5 
June  15 
June  30 


Source  of  conidia. 


Vi   ® 


Aster  cor (lif alius .. 
Aster  cordi/oiius. . 
Aster  co)-ciifoiius.. 
Aster  cordifolius. . 
5  Aster  cordifolius. 
Aster  cordi/oiius. . 
Aster  cordifolius. . 
Aster  cordifolius. . 

Aster  laevis 

Aster  laevis 

Aster  laevis 

Aster  laevis 

Aster  laevis 


1905 
May  30 

1906 
Feb.    5 
Feb. 12 
Mar.  20 
Apr.  23 

Feb.  28 
Mar.  20 


Results. 


Date. 


Aster  sa(/it  lif  alius 


Aster  sag illif alius  . 
Aster  saiiittifolius  . 
Aster  sugittifolius  .. 
Aster  sapittifolius  . 
Cucurbita  maxima. 

Hubbard  squash.. 

Hubbard  squash. . 


1906 
Mar.  19 
April  4 
April  4 
Apr.  16 
Apr.  16 
Apr.  18 
Apr.  27 
Apr.  27 
Mar.  9 
Mar.  19 
April  4 
June  28 
July  12 

1903 
June  14 

1906 
Feb.  28 
Feb.  28 
Apr.     4 
May     4 

Mar.    9 
Apr.     4 


Inoc. 
pl. 


+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

++ 
+++ 


++^ 


+++ 
+++ 


'  Different  leaves  of  the  same  plant  in  experiments  20  and  21a. 
-  Only  one  leaf  infected. 

Table  XXII — Aster  laevis  Linn. 


No. 

of 

exp. 


36 


28a 

39 

44a 

52a 

a4d 

59b 

62e 


4b 
6t) 


35d 
40 


Date. 


1906 
Apr.  25 

1905 
May   17 
May  30 

1906 
Mar.  23 
May  11 
May  23 
June  15 
June  19 
June  23 
June  30 

1905 
May     6 
May  30 

1906 
Aor.  23 
May   11 
Mar.  23 


.Source  of  conidia. 


Aster  cordifolius 


A  ster  laevis 
Aster  laevis 


Aster  laevis 
Aster  laevis 
Aster  laevis 
Aster  laevis 
Aster  laevis 
Aster  laevis 
Aster  laevis 


Aster  sagittifalius . 
Aster  sa'giltifolius  . 


Aster  sagittifolius  ..  

Aster  sac/ittifolius 

Cucurbita  ma.vi}na — Hubbard  squash 


Results. 


Date.       I°o;'- 


1906 
May    4 

1905 
May  26 
June   9 

1906 
Apr.  4 
May  23 
June  5 
June  28 
June  30 
July  9 
July  12 

1905 
May  26 
June    4 

1906 
May     4 
May  23 
Apr.     4 


++ 


++ 


+++ 


++* 


++ 


+ 


1  One  leaf  infected. 

2  Plants  in  poor  condition. 


'  An  uniac>cnlated  leaf  also  infected. 

■*  Some  uninoculated  leaves  also  infected. 
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Table  XXIII. — Aster  nafjittifolinH  Willd. 


No. 
of 

Date. 

exp 

11 

29a 

29f 

1906 
Feb.  28 
Apr.    5 
Apr,     5 

5h 
7a 

190 
May   17 
May  .30 

21b 
28b 
44b 
.52b 
54b 

1906 
Mar.  15 
Mar.  23 
May  23 
June  15 
June  19 

2b 
4c 
6a 
6d 
8a 

1905      ! 
May     1 
May    6 
May  30 
May  .30 
June    3 

9a 
•■Si 
:«b 

1906 
Feb.     5 
Apr.  17 
Apr.  23 

3c 

1905 
May    1 

Source  of  conidia. 


Aster  cordifolius. 
Aster  cor difolius  . 
Aster  cordifolius  . 

Aster  laevis 

Aster  laevis 

Aster  laevis 

Aster  laevis 

Aster  laevis 

A  sler  laevis 

Aster  laevis 

Aster  sagittifolius 
Aster  sagittifolius 
Aster  sagilti/olius 
Aster  sagittifolius 
Aster  sagittifolius 

Aster  sagittifolius 
Aster  sagittifolius 
Aster  sagittifolius 

Solidago  caesiu.. 


Results 


Date. 


1906 
Mar.    9 
Apr.   16 
Apr.  16 

1905 
May  26 
June   9 

1906 
Apr.  4 
Apr.  4 
June  .1 
June  28 
June  30 

1905 
May  26 
May  26 
June  9 
June  9 
June    9 

1906 
Feb.  18 
Apr.  27 
May     4 

1905 
May    8 


looc. 

pi. 


+++ 


+++ 


+++ 


+■'■ 

+ 
+++ 


'  Only  one  leaf  infected.  ■•  Three  leave.s  infected. 

^  Plants  in  poor  condition.  "  An  infected  area  on  a  lower  uninoculated  leaf. 

^One  leaf  infected,  the  others  dying.     "  Leaves  badly  injured  by  insects. 

The  above  tables  give  the  results  of  tests  with  three  different 
species  of  asters — Aster  cordifolius,  A.  laevis,  and  A.  sagitti- 
folius. The  first  and  last  species  are  closely  related,  but  A. 
laevis  differs  considerably  from  the  other  two.  The  plants  used 
were  dug  up  out  of  doors  and  brought  into  the  greenhouse, 
young  leaves  of  the  plants  being  inoculated.  Seedlings  were  not 
used  in  any  of  the  tests. 

As  seen  from  the  tables,  each  one  of  these  species  can  be  in- 
fected by  the  mildew  appearing  in  nature  on  the  others.  There  is 
no  difference  in  the  susceptibility  to  infection  of  these  species. 

I  have  already  shown  tliat  the  Hubbard  squash  (table  XIX) 
cannot  be  infected  with  the  aster  mildew.  The  converse  is  also 
tiiie  that  these  asters  cannot  be  infected  with  the  squash  mildew. 
It  is  true  that  the  number  of  tests  made  is  not  large  and  more 
confirmatory  evidence  is  needed.  The  one  attempt  to  infect 
Aster  sagittifolins  with  conidia  from  Solidago  caesia  also  failed. 
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Table  XXIV. — Helianthus  annuus  Linn. 


No. 
of 

Date. 

co.-^ 

*J    CO 

O  CO-CO 

6ftS 
z 

Source  of 
conidla. 

°«  © 
©"as 

1 
1 
2 
2 
2 
2 

9 

2 
3 
2 

1 
1 

No.  of  parts 
inoc. 

a 
o 
o 

Results. 

exp. 

Coty. 

Lvs. 

Date. 

Inoc. 
pi. 

Con- 
trols. 

42c 
65g 
84f 
86b 
88f 
90k 

lloh 
98b 

108k 

112b 

105 

111b 

1906 
May  15 
July     9 
Aug.  20 
Aug.  23 
Aug.  24 
Aug.  30 
Nov.  17 
Sept.  10 
Oct.     6 
Oct.   19 
Sept.  17 
Oct.  19 

21 
14 

17 
18 
24 
28 
17 
19 
33 
24 
33 

Cucurbita 

maxima. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

.squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Hubbard 

squash. 
Marblehead 

squash. 
Marblehead 

squash. 
Marblehead 

squash 
Helianthus 

annuus. 

Helianthus 

an7iuus . 

2 


4 
2 

4 
4 
4 

8 
8 
4 

6 

8 
1 
2 

2 

2 

1 
2 
2 

1 

2 
1 

1 
1 

1906 
May  27 
July  23 
Aug.  30 
Aug.  30 
Sept.    3 
Sept.  15 
Nov.  26 
Sept.  26 
Oct.  18 
Oct.  31 
Oct.     2 
Oct.  31 

1 

++' 

- 

- 

I  The  second  pair  of  leaves  inoculated. 

-  A  good  infection  of  seven  leaves;  plants  tall  aud  slender. 

'  Three  leaves  of  one  plaut  infected,  the  other  plant  wilted. 

*One  leaf  infect«d  ;  an  infected  area  on  a  cotyledon  .iust  below  this  leaf. 

•''  Three  leaves  of  one  plant  infected,  ao  infected  area  on  a  cotyledon  also. 

'■'  Two  leaves  of  ooe  plant  infected,  the  other  plant  dead . 

'  Conidia  obtained  from  plants  used  in  experiment  90k;  a  cotyledon  also  infected. 

•*  One  leaf  infecte  i.     ('onidia  obtained  from  plant  used  in  experiment  108k. 


The  first  five  attempts  to  infect  this  host  with  conidia  from 
the  squash  failed.  Some  inoculated  leaves  in  each  of  the  other 
five  tests  made  were  infected.  In  some  of  these  cases,  the  plants 
were  taller  and  more  slender  than  normal  plants  of  the  same 
age.  This  difference  was  not  noted  in  all  cases,  however.  The 
conidia  produced  were  able,  in  turn,  to  infect  both  squash  and 
sunflower  seedlings.  The  mildew  occurring  in  nature  on  the 
sunflower  was  not  obtained  and  consequently  its  capacity  to  in- 
fect the  cucurbits  could  not  be  tested. 
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Table  XXV.—  SoU'htgo  caesia  Linn. 


No. 

of 

exp. 


*29b 

24 

54c 


8c 


^a 
17 


1 
3a 


Source  of  conidia. 


1906      I 
Apr.     5  I  Aster  cor lUfolius 

Mar.  20  '  Aster  laevis 

June  19     After  laevis 


1905 
May     1      Aster  sagitlifolius 
Jane    3      Aster  sagitdfolius 


1906. 

.Apr.  23     Aster  safjitlt/olius 

Mar.    7      Cucurbita  maxima — Hubbard  squash. 


1905 
Feb.  13     Solidago  caesia  . 
May     1      Solidago  caesia . 


Results. 


^■" 

Date. 

2 
2 
4 

1906 
Apr.  16 
Apr      4 
June  30 

4 
2 

19a5. 
May     8 
June  15 

3 
3 

1906 
May     4  1 
Mar.  19 

8 
5 

1£05 
Feb. 20 
May     8 

1 

Inoc. 
pi. 


+- 


All  attempts  to  infect  this  goldenrod  with  the  mildew  oc- 
euriTag  on  asters  and  the  squash  failed.  On  the  other  hand, 
the  two  attempts  to  infect  it  with  conidia  from  the  same  species 
were  entirelv  suecessfuL 


GENERAL  CONSIDERATIONS 

I  have  brought  together  all  of  the  results  given  in  the  above 
tables  into  the  following  general  summary.  This  summary  also 
includes  my  results  with  the  curcubit  mildew  previously  pub- 
lished. This  general  table  shows  the  number  of  trials  with  each 
species,  the  source  of  the  conidia,  the  number  of  leaves  and 
cotyledons  inoculated,  the  number  infected,  and  also  the  per- 
centage of  infection. 


Ho] 
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Species  used  as  host. 


Aster  cordifoliux  

Aster  cordifolius , 

Aster  cordifolius 

Aster  cordifolius 

Aster  laevis 

Aster  laevis 

Aster  laevis       

Aster  laevis 

Aster  sagittifolius 

Aster  sngittifolius  

Aster  sagittifolius 

Asler  sagittifolius 

Citrulliis  vulgaris^    ... 

Citrullus  vulgaris 

Cilrulius  vulgaris 

Coccitiea  cordi  folia .... 

Cucnniis  anguria^ 

Cucumis  dipsaceus 

Cucwnis  melo^ 

Cucumis  melo 

Cucumis  melo 

Cucumis  melo 

Cucumis  salivtts^ 

Cucum  >s  sativus 

Cucumis  sativus 

Cucu mis  sativus 

Cucumis  sativus  

Cucumis  sativus 

Cucurhita  foetidissima 

Cucurbila  maxima^ 

Cucurbila  maxiiixa 

Cucurhita  maxima 

Cucurliita  maxima 

Cucurltila  maxima 

Cucurbila  maxima 

C'icurbita  maxima 

Cucurbila  maxima 

Cncvrbita  maxima,   .. 

Cucurbila  maxima 

Cucurtnta  maxima 

Cucurbila  maxima 

Cucurbila  maxima 

Cucurbila  maxima 

Cucurbila  maxima. ... 
Cucurbila  7noschala^ . . . 
Cucurbila  moschala... 
Cucurbila  moschata... 

Cucurtnta  pepo^ 

Cucurbila  pepo 

Cucurbila  pepo 

Cucurhita   pepo 

Cucurbila  pepo  

Cucurbila  pepo 

Cyclanlhera  explodens 
Ecballium  elalerium . . 
Ech'nocystii.  lobata  ... 
Echinoci/stis  lobata  ... 
JSchinocystis  lobata  ... 

Helianthus  annuus 

Helianthus  annuus  ... 


Source  of  condia. 


Aster  cordifolius 

Aster  laevis 

Aster  sagillifolius 

Cucurbila  maxima 

Aster  cordifolius 

Aster  laevis 

Aster  sagittifolius  

Cucurbila  maxima 

Aster  cordifolius 

Aster  laevis 

Asler  sagillifolius 

Solidago  caesia 

Cucurhita  ma.vima 

Lagenaria  v ulgaris 

Melothria  scabra 

Cucurbila  wo xima 8 

Cucurbila  maxima 11 

Cucurhita  maxima 8 

Citrullus  vulgaris  '      i 

Cucumis  sativus 1 

Cucurhita  maxima 44 

Cucurhita  pepo 2 

Cucumis  sativus 

Cucurhita  tnaxima 

Cucurbila  moschala 

Cucurbila  pepo 

Echinoci/stis  lobata 

Lagenaria  vulgaris 

Cucurhita  maxima 

Aster  cordifolius 

Asler  laevis 

Citrullus  vulgaris 

Cucumis  melu 

Cucumis  sativus 

Cucurhita  maxima  

Cucurbila  moschala 

Cucurhita  pepo  , 

Ecballium  elalerium 

Echinoci/stis  lobata 

Helianth us  annuus 

Lagenaria  vulgaris 

Melothria  scabra 

Plan tago  rugetii 

Sicyos  angiilatus 

Cucurhita  foetidissima 

Cucurbila  maxima , 

Cucurhita  pepo , 

Cucumis  sativus 

Cucurbila  foetidissima .... 

Cucurhita  maxima 

Cucurbila  moschata 

Cucurbila.  pepo 

Lagenaria  vulgaris 

Cucurbila  maxima 

Cucurbila  maxima 

Cucumis  sativus 

Cucurbila   maxima 

Lagenaria  vulgaris 

Cucurhita  maxima 

Helianthus  atinuus 


26 


28 


1 
1 

18 

161 

4 

10 
1 
2 

1 

19 
2 

10 
9 
2 

51 
9 
4 
.5 
178 
9 


13 
0 
14 

0 

3 

0 

l.i 

17 

1 

0 

83 

8 

26 

73 

4 

12 

3 

8 
0 
0 
1 
1 

16 

138 

3 

10 
1 
2 
1 

19 
1 
6 
9 
2 

45 
6 
4 
5 
169 
9 

25 
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Species  used  as  host. 


Lagenaria  vulgaris^ ... 
Lagenaira  vulgaris  ... 
Lagenaria  vulgaris  ... 
Lagenaria  vulgaris  ... 
Lagenaria  vulgaris  ... 
Lagenaria  vulgaris  ... 
Luffa  acutangula. ..   . 

Luffa  aegypiiaea 

Melothria   scabra 

yieXothria    scabra , 

Melothria   scabra 

Momordica  balsnmina 
Momorrlua  chatantia. 

Planlago  rugelii 

Planiago  rugelii 

Sicjjos  angulatus 

Sicyos  angulatus 

Sicyos  angulatus 

Solidago  caetia 

Solidago  caeiia 

Solidago  caesia 

Solidago  caesia , 

Solidago  caesia 


Source  of  conidia. 


Cucumis  melo    

Cvcumis  sativus 
Cueurbita  tnarirna  .. 
Cucurbita  mosohxita  . 
Cueurbita   pepo..   . 
Lagenaria  vulgaris. . 
Cucurbita  maxima  . 
Cucurbita  maxima  . . 

Cucumis  sativus 

Cucurbita  maxima... 
Cucurbita  most  hata . 
Cucurbita  maxima. .. 
Cucurbita  maxima... 
Cucurbita  maxima. . . 

Plantago  rugrl  i 

Cucumis  .sativus 

Cucurbita  maxima... 
Sicuos  angulatus  — 

Aster  cordifolius 

Aster  laevis 

Aster  sagittifolius. ... 
Cucurbita  maxima,. . 
Solidago  caesia 


1 

3 

1 

33 

o 

3 

1  9 

66 

Irt 

43 

36 

84 

2 

5 

5 

IGO 

••) 

6 

6 

100 

3 

9 

7 

78 

4 

13 

0 

0 

6 

29 

0 

0 

1 

5 

3 

60 

fi 

23 

6 

26 

1 

8 

5 

62 

3 

6 

2 

33 

1 

5 

3 

60 

21 

54 

10 

18 

3 

8 

0 

0 

1 

3 

0 

0 

15 

65 

42 

te 

2 

I 

6 

86 

1 

2 

0 

0 

2 

6 

0 

0 

3 

9 

0 

0 

1 

3 

0 

0 

2 

13 

13 

100^ 

In  this    summary    those   leaves    and    cotyledons    Tvhich    died    before    infection- 
had  time  to  occur  are  omitted. 

^  In  the  various  tests  seven  varieties  were  used. 

2  Two  varieties  tested. 

2  Nine  varieties  of  muskmelons  tested. 

*  Twelve  varieties  of  cucumbers  tested. 
^  Twelve  varieties  of  squashes  tested. 

•^  Four  varieties  tested. 
"  Twenty  varieties  tested. 

*  Six  varieties  tested. 


From  this  summary,  it  is  evident  that  the  same  form  of  the 
mildew,  Enjsiplie  ckhoracearum  DC.  occurs  on  at  least  eleven 
species  of  the  cucurbits,  belonging  to  seven  genera,  infection  oc- 
cuiTiug  in  these  cases  in  fifty  per  cent,  or  more  of  the  trials. 
Six  other  species  were  also  infected,  but  in  a  smaller  percentage 
of  ca.ses.  Only  three  species,  belonging  to  two  genera,  Coccinea 
cordifoUa,  Lufa  acutangula,  and  L.  aegyptiaca,  are  entireh'  re- 
sistant to  the  mildew. 

So  far  as  I  am  aware,  a  mildew  has  been  reported  to  occur  in 
nature  on  only  three  of  these  twentj"  species  tested,  namely^ 
Cucurhita  maxima,  C.  pfpo,  and  Cucumi.s  sativus.  This  may  be 
due  to  the  fact  that  perithecia  are  rarely  formed  on  these  hosts 


[47 


384  BULLETIN    OF   THE    UNIVERSITY    OF    WISCONSIN 

and  the  conidial  stage  has  not  been  recorded  by  observers.  It 
is  possible,  however,  that  the  mildew  does  not  occur  in  nature 
on  many  of  these  species. 

As  a  result  of  my  experiments,  the  following  cucurbits  must 
be  added  to  the  list  of  host  plants  of  Erysiphe  cichoracearum 
DC. :  Citrullus  vulgaris  Schrad.,  Cucumis  miguria  Linn.,  C. 
dipsaceus  Ehr.,  C.  Melo  Linn.,  C.  Melo  var.  Ckiio  Naud.,  var. 
Dudaim  Naud.,  var.  flexuosus  Naud.,  CucurUvta  foetidissinm 
Kunth.,  C.  moschata  Duchesne,  Cyclanthera  explodens  Naud., 
Ecballmm  elaterium  A.  Rich.,  Echinocystis  lohata  Torr.  &  Gray, 
Lagenaria  vulgaris  Ser.,  Melotliria  scabra  Naud.,  Momordica 
ialsamina  Linn.,  31.  charantia  Linn.,  Sicyos  angidatus  Linn. 

It  is  also  plain  that  the  biologic  form  of  Erysiphe  cichoracea- 
rum, occurring  on  so  many  cucurbits,  is  not  entirely  confined 
to  the  species  of  this  one  family.  Out  of  fifty-four  leaves  of 
Plantago  tnigelii,  a  species  belonging  to  the  Plantaginaceae, 
which  were  inoculated,  ten  became  infected.  These  leaves  were 
well  infected,  producing  conidia  abundantly.  These  experi- 
ments were  also  perfectly  safeguarded  by  controls.  Further- 
more out  of  ten  leaves  of  squash  seedling's,  inoculated  with 
conidia  from  plantain,  six  became  infected. 

While  this  is  a  small  percentage  of  infection,  yet  it  may  be 
noted  that  of  eight  leaves  of  plantain  inoculated  with  conidia 
found  in  nature  on  this  plant,  none  became  infected.  The  failure 
to  secure  infection  in  many  of  these  cases  was  due  undoubtedly 
to  the  fact  that  some  of  the  leaves  were  badly  injured  by  thrips 
eating  away  the  tissues  on  the  underside  of  the  leaf.  I  never 
succeeded  in  infecting  leaves  of  any  sort  that  were  badly  eaten 
by  insects.  Neger  was  also  unable  to  infect  P.  major  with  co- 
nidia from  the  same  host.  Salmon,  on  the  other  hand,  succeeded 
in  infecting  both  P.  major  and  P.  media  with  conidia  from  the 
former. 

The  simflower,  Helianihus  annuns,  Avas  also  infected  in  thirty- 
five  per  cent,  of  the  trials  in  which  conidia  from  the  squash 
■were  sown  on  leaves  of  seedlings.  Sixteen  out  of  forty-six  in- 
oculated leaves  became  infected  and  produced  a  good  growth 
of  mildew.    As  noted  above,  the  plants  infected,  in  some  cases 
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at  least,  were  tall  and  slender;  in  other  cases,  however,  the 
seedlings  seemed  to  be  entirely  normal,  the  eonidia  produced 
being  able  to  infect  both  squash  and  normal  sunflower  seedlings. 

I  have  not  so  far  been  able  to  transfer  the  cucurbit  mildew  to 
asters  and  goldeurods.  The  mildew  occurring  on  these  in  nature, 
which  likewise  is  considered  as  belonging  to  the  same  species, 
Erysiphe  cichoracearum  DC,  proved  unable  to  infect  the  squash. 
Only  a  few  experiments  were  made,  it  is  true,  and  accordingly 
these  results  are  not  entirely  conclusive. 

It  is  clear,  furthermore,  that  the  same  mildew  occurs  on  the 
three  species  of  asters  tested — Aster  cordifolius,  A.  laevis,  and 
A.  sagittifoUus.  Although  infection  did  not  take  place  in  every 
case,  yet  the  mildew  from  one  species  would  infect  plants  of  the 
others  as  readily  as  plants  of  the  same  species. 

Neither  the  aster  mildew  nor  the  cucurbit  mildew  proved  able 
to  infect  a  goldenrod,  Solidago  caesia.  Nor  was  the  mildew  on 
this  host  able  to  infect  asters  or  squashes.  Here  again  the  num- 
ber of  tests  is  small  and  further  confirmatory  evidence  is 
needed. 

It  should  also  be  noted  that  seedlings  of  plantain,  asters,  and 
the  goldenrod  were  not  tried.  While  young  leaves  were  gener- 
ally inoculated,  yet  these  were  on  old  plants.  More  certain  and 
constant  results  might  be  obtained  by  using  seedlings. 

For  the  purpose  of  further  direct  comparisons  I  have  brought 
together  in  the  following  summary,  aU  of  the  results  of  inocula- 
tion experiments  with  the  mildews.  Many  of  these  results  rest 
upon  inadequate  data  and  additional  experiments  are  required 
to  verify  them.  In  the  larger  number  of  cases,  the  results  de- 
pend upon  only  one  or  two  tests. 

Results  with  Erysiphe  Cichoracearum  DC. 

Conidia  from  Artemisia  vulgaris^  infected  A.  vulgaris,  but 
not  A.  absinthium,  Alchemilla  vulgaris,'^  Galium  roturidifolium,^ 
Q.  silvaticum,-  Hieracium  murorum,  Lactuca  muralis,  LeoU' 
iodon  taraxacum,  Lithospermum  arvense,  Plantago  lanceolata, 
Ranunculus  repens,-  Senecio  vulgaris,  nor  Sonchus  oleraceus. 

1 Neger  (19). 

*  These  plants  are  not  reported  as   hosts   of  this  mildew. 
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Conidia  from  Hieracium  murorum^  infected  H.  murorum  and 
Leoiitodon  taraxacum,^  but  not  Artemisia  vulgaris,  Galium  sil- 
vaticum,  Hypericum  montanum,  Lactuca  muralis,  nor  Sonchus 
olera<:eus. 

Conidia  from  Lactuca  muralis'^  infected  L.  muralis,  but  not 
Galium,  silvaticum,-  Hieracium  murorum,  nor  Pulmonaria  offi- 
cinalis. 

Conidia  from  Lappa  major^  did  not  infect  Artemisia  vulgaris 
nor  Senecio  vulgaris. 

Conidia  from  Lithospermum  arvense^  infected  L.  arvense,  but 
not  Hieracium  murorum,  Fuhnonaria  officinalis,  nor  Symphy- 
tum tuberosum. 

Conidia  from  Plantago  major^  did  not  infect  P.  major,  Arte- 
misia vulgaris,  nor  Hieracium  murorum. 

Conidia  from  Plantago  major*  infected  P.  major  and  P.  media, 
but  not  P.  lanceolata,  Eupatorium  cannabimim,  nor  Galium 
aparine. 

Conidia  from  Pulmanaria  officinalis^  did  not  infect  Hiera- 
cium murarum. 

Conidia  from  Senecio  vulgaris''  infected  S.  vulgaris  and  Lac- 
tuca muralis,''  but  not  Hieracium  murorum,  Pulmonaria  officin- 
alis, nor  Symphytum  tuberosum.. 

Conidia  from  Verhascum  thapsiforme^  did  not  infect  Arte- 
misia vulgaris. 

Results  with  Erysiphe  Galeopsidis  DC. 

Conidia  from  Galeopsis  tetrahit^  infected  G.  tetraliit,''  but  not 
Calamintha  acinos,  Glechoma  hederacea,  nor  Stachys  recta. 

Conidia  from  Ballota  nigra*  infected  B.  nigra,  but  not  Salvia 
verticillata.  nor  Leonurus  cardiaca. 


'Neger    (19). 

-'  These  plants  are  not  reported  as  hosts  of  this  mildew. 

2  On  the  third  day  after  inoculation,  a  few  conldiophores  appeared,  but  by  the 
following  day  had  disappeared. 
♦Salmon  (29). 

^A  single  small  infected  area  appeared  in   one  experiment. 
''Neger  (19). 
'  Infection  failed  on  older  plants. 
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Results  with  Erysiphe  Graminis  DC.^ 

Conidia  from  Agropyron  repens^  infected  JL.  caninum  and  A. 
tenerum,  but  not  A.  repens,  A.  acutum,  nor  A.  glaucum. 

Conidia  from  Avena  nuda^°  infected  A.  nuda,  A.  hrevis,  and 

A.  saliva. 

Conidia  from  Auena  sativa^'^  infected  A.  sativa,  A.  hrevis,  A. 
nuda,  A.  orientalis,  A.  sterilis,  and  A.  strigosa,  but  not  Alope- 
curus  pratoisis,  Arrhenatherum  elatius,  Dadylis  glomcrata, 
Festuca  heterophyUa,  F.  elatior  var.  arundinacea,  F.  elatior  var. 
pratensis,  Hordeum  vidgare,  Lolium  italicum,  Phleum  pratense, 
Poa  annua,  Secale  cereale,  Trisetum  pratense,  nor  Triticum  vid- 
gare. 

Conidia  from  Avena  sterilis^^  infected  A.  pratense,  and  A. 
sativa,  but  not  Arrhenatherum  avenaceum,  Festuca  elatio-r,  Bro- 
mus  sterilis,  B.  unioloides,  nor  Lolium  temidentum. 

Conidia  from  Bromus  adoensis^-  infected  B.  adoensis,  B.  hor- 
deaceus,  but  not  B.  interruptus,  nor  B.  mollis. 

Conidia  from  Bronnis  arduoutcnsis^'-  infected  B.  adoensis,  B. 
hordcacius,  B.  patulus  and  B.  tectorum,  but  not  B.  commutatus, 

B.  Greesoni,  B.  madritensis,  B.  mollis,  B.  sterilis,  nor  B.  uniolo- 
ides. 

Conidia  from  Bromus  arduoinensis  var.  villosus^-  infected  B^ 
hordeaceus. 


sMarchal    (10).   although   giving  no  details   of   hit,   experiments,   makes  seven 
specialized  forms  of  the  grass  mildew  as  follows  : 

1.  f.  spec.  Tritici  upon  Triticum  vulgnre,  T.  Spclta  T.  po'.onicum.  T.  turgidum; 

not  on  T.  durum^  T.  monococcum,  nor  T.  dicoccum. 

2.  f.   spec.  Hordei  upon  Hordeum  liexastichon,  H.  vulgare.  H.  trifurcatum.H. 

nudum,  H  juhatum,  and  H.  murinum ;  not  on  H.  maritinum,  H.  -seca- 
linum,  nor  H.  iulbosum. 
:^.  f.  spec.   Secalis   upon   tiecale  cereale  and   .9.   aiiatolicum. 

4.  f.  spec.  Avenae  upon  Avena  sativa,  A.  fatua,  A.  orientalis,  and  Arrhena- 

therum- elatius. 

5.  f.  spec,  poae  upon  Poa  annua,  P.  trivialis,  P.  pratensis,  P.  caesia,  P.  mu- 

talrnsis,  P.   memoralis  ano  P.   serotina. 

6.  f.  spec.  Agropyri  upon  Agropyron. 

7.  f.  spec.  Bromi  upon  various  Bromes. 
»  Salmon  (29>. 

'"Salmon  (26). 
"  Salmon  (26). 
"Salmon  (30). 
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Conidia  from  Bromus  arvensis  ^-  infected  B.  arvensis,  but  not 
B.  mollis. 

Conidia  from  Bromus  commutatus^'^ ,^-  infected  B.  commutatus, 
B.  adoensis,  B.  arduennensis,  B.  arduennensis  var.  villosus,  B. 
hrizaeformis,  B.  crinitus,  B.  liordeaceus,  B.  Ealmii,  B.  Erausei, 
B.  laxus,  B.  marginatus,  B.  patidus,  B.  pungens,  B.  secalinus, 
B.  squarrosus,  B.  tectorum,  B.  valdivianus,  and  B.  velutinus.  but 
not  B.  angustif alius,  B.  arvensis,  B.  asper,  B.  hiehersteinii, 
B.  ciliatus  var  laxus,  B.  erectus,  B.  giganteus,  B.  in- 
ermis,  B.  interruptus,  B.  macrostachys,  B.  madritensis,  B.  max- 
imus,  B.  mollis,  B.  mollis  var.  floydianus,  B.  mollis  var.  grossus, 
B.  parviflorus,  B.  racemosus,  B.  rigidus,  nor  B.  sterilis. 

Conidia  from  Bromus  hordeaceus^^  infected  B.  arduennensis, 
B.  hrizaeformis,  B.  commutatus,  B.  interruptus,  B.  Erausei,  B. 
mollis,  B.  secalimus,  B.  tectorum,  and  B.  velutinus,  but  not  B. 
arduennensig'  var.  villosus,  B  arvensis,  B,  asper,  B.  cnnitus,  B. 
erectus,  B.  macrostachys,  B.  madri^tensis,  B.  madritensis  var.  Del- 
ilei,  B.  maximus,  B.  patidus,  B.  racemosus,  nor  B.  sterilis. 

Conidia  from  Bromus  hordeaceus  var.  glahrescens^^  infected 
B.  hrizaeformis,  B.  mollis,  and  B.  tectorum,  but  not  B.  arduen- 
nensis var.  villosus,  B.  asper,  B.  (/iganteus,  nor  B.  inermis. 

Conidia  from  B.  interruptus^^  infected  B.  interruptus,  B. 
hrizaeformis,  B.  hordeaceus,  B.  mollis,  B.  tectorum,  and  B.  vel- 
utinus, but  not  B.  arvensis,  B.  asper,  B.  ciliatus,  B.  commutatus, 
B.  erectus,  B.  macrostachys,  B.  madritensis,  B.  maximus,  B.  race- 
mosus, B.  secalinus,  B.  sterilis,  nor  B.  unioloides. 

Conidia  from  Bromus  onollis'^^  infected  B.  7nolJis  and  B.  adoen- 
sis. 

Conidia  from  Bromus  patidus^*  infected  B.  patulus  and  B. 
hordeaceus. 

Conidia  from  Bromus  racemosiis'^^,^*  infected  B.   racemosus, 
B.  adoensis,  B.  arduennensis,  B.  arduennensis   var.  villosus,  B. . 
commutatus,  B.  hordeaceus,  B.  Erausei,  B.  patidus,  and  B.  sec- 


"  Salmon  (26). 
^-'Salmon  (30). 
>3  Salmon  (26). 
"Salmon  (30). 
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alinus,  but  not  B.  ciliatus,  B.  madritensis,  B.  maximus,  B.  squar- 
rosus,  nor  B.  tectorum. 

Conidia  from  Bromus  secalinus,^^  infected  B.  secalinus,  B. 
adoensis,  B.  arduennensis,  B.  brizaeformis,  B.  commutatus,  B. 
condensatus,  B.  crinitus,  B.  fihrosus,  B.  liordeaceus,  B.  Kalmii, 
B.  mollis,  B.  patidus,  B.  tectorum  var.  virens,  and  B.  velutinus, 
but  not  B.  angustifolius,  B.  Greesoni,  B.  interruptus,  B.  laxus, 
B.  macrostachys,  B.  madritensis  var.  Delilei,  B.  marginatus,  B. 
propendens,  B.  pungens,  B.  racemosus,  nor  B.  sterilis. 

Conidia  from  Bromus  tectorum}^  infected  B.   tectorum   and 
B.  sterilis. 

Conidia  from  Bromus  velutintis^^  infected  B.  velutinus,  B. 
adoensis,  B.  brizaeformis,  B.  liordeaceus,  B.  patidus,  and  B.  tec- 
torum, but  not  B.  arvensis,  B.  commutatus,  B.  crinitus,  B.  mad- 
ritensis, B.  mollis,  nor  B.  racemosus. 

Conidia  from  Dactylis  glomerata^^  infected  D.  glomerata,  but 
not  Agropyron  repens.  Arena  satiua,  Hordeum  vulgare,  Lolium 
temulcntum,  Secale  cereale,  nor  Triticum  vulgare. 

Conidia  from  Hordeum  decipicns  var.  ahyssinicum^'^  infected 
E.  vulgare. 

Conidia  from  Hordeum  decipicns  var.  macrolepis^'  infected 
H.  vulgare  var.  himalayense,  but  not  H.  juhatum. 

Conidia  from  Hordeum  decipiens  var.  steudelii^''  infected  H. 
distichum  var.  pcrsicuyn,  H.  vulgare,  and  H.  zeocritan. 

Conidia  from  Hordeum  disticlium  var.  Braunii^''  infected  H. 
decipiens  var.  macrolepis,  and  H.  vulgare. 

Conidia  from  Hordeum  distichum  var.  nigricans^^  infected 
H.  hexasticlion  var.  hrachyatherum. 

Conidia  from  Hordeum  distichum  var.  Behmii^^  infected  H. 
zeocriton. 

Conidia  from  Hordeum  hexastichon  var.  japonicum^^  infected 
H.  distichum  var.  Braunii,  H.  hexastichon  var.  hrachyatherum, 
H.  intermedium  var.  Haxtoni.  and  H.   vulgare  var.  coeleste. 


-^  Salmon  (.30'». 

"Salmon  (26). 

'■  Salmon  (27). 

"  Salmon  (27). 
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Conidia  from  Ifurdeum  liexasticlion^^  infected  H.  vulgarc,  and 
H.  vulgare  var.  ^yalp€rsii. 

Conidia  from  Hordeum  vulgare^^  infected  H.  vulgare,  H. 
vulgare  var.  coeleste,  var.  coniutum,  var.  duplonigrxim,  var. 
himalayense,  var.  Ciorrhynchiim.  var.  nigrum,  var.  trifurcatum, 
var.  Walpersii,  var.  violaceum,  H.  hulhosum,  H.  decipiens,  var. 
abyssinicum,  var.  deficiens,  var.  macrolepis,  var.  steudelii,  H. 
distichum  var.  Braunii,  var.  ianthinhim,  var.  medicum,  var.  7iii- 
<?Mm,  var.  Rehmii,  H.  hexasUclion,  H.  Uexasticlwn  var.  japmii- 
cum,  H.  intermedium  var.  transiens,  H.  maritinum,  H.  zcocriton, 
H.  zeocriton  var.  hetcrolepis,  but  not  B^.  juhatum,  H.  murinum, 
H.  secalinum.  II.  silvaticutn.  Arena  sativa,  Secale  cereale,  nor 
Trificum  vulgare. 

Conidia  from  Hordeum  vulgare  var.  coeleste^^  infected  5.  in- 
termedium var.  Haxtoni. 

Conidia  from  Hordeum  vulgare  var.  cornufum^^  infected  H. 
distichum  var.  persicum. 

Conidia  from  Hordeum  vulgare  var.  duplonigrum^^  infected 
H.  distichum  var.  nigricans. 

Conidia  from  Hordeum  vulgare  var.  Jiimalayense'^^  infected 
H.  decipiens  var.  deficiens. 

Conidia  from  Hordeum  vulgare  var.  trifurcatum^'''  infected 
H.  decipiens  var.  steudelii,  H.  di.'^tichum  var.  medium,  var. 
Behmii,  and  H.  vulgare. 

Conidia  from  //.  zeocriton  infected  H.  distichum  var.  ian- 
thium,  var.  nudum,  H.  vulgare  var.  cornutum,  var.  himalayense, 
var.  Ciorrhynchum,  var.  nigrum,  and  var.  violaceum,  but  not 
J?.  hulhosum. 

Conidia  from  Hordeum  zeocriton  var.  heterolepis^^  infected 
fl^.  distichum  var.  nigricans,  and  J7.  intermedium  var.  transiens, 
but  not  -H".  silvaticum. 

Conidia  from  Poa  pratensis-^  infected  P.  pratensis,  P.  annua, 
and  P.  nemoralis,  but  not  xli'e»a  sativa,  Agropyron  repens, 
Alopecurus  pratensis,  Dactylis  glomerata,  Festuca  arundinacea, 


"Salmon  (27L 
"Salmon  (27). 
»  Salmon  (29). 
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F.  elatior  var.  prdtensis,  F.  heterophylla,  Hordeum  vulgare,  Lo- 
lium  perenne,  L.  tenmlentmn,  Pldeum  pratense,  Secale  cereale, 
nor  Triticum  vulgare. 

Conidia  from  Poa  pratensis'-^  infected  P.  pratensis,  P.  com- 
pressa,  P.  nenwralis,  and  P.  trivialis,  but  not  Avena  sativa,  Bro- 
mus  mollis,  Dactylis  glomerata,  Festuca  elatior,  Hordeum 
juhatum,  II.  vulgare,  Lolium  perenne,  Phleum  pratense,  Secale 
cereale,  nor  Triticum  vulgare. 

Conidia  from  Secale  cereale'-^  infected  ;S^.  cereale,  but  not  Avetia 
sativa,  Bromus  mollis,  Dactylis  glomerata,  Festuca  elatior,  F. 
heterophylla,  Glyceria  ftuitans,  Hordeum  juhatum,  H.  vulgare, 
Lolium  perenne,  Phleum  pratense,  Poa  pratensis,  P.  compressa, 
P.  nemoralis,  P.  trivialis,  nor  Triticum  vulgare. 

Conidia  from  Triticum  vulgare—  infected  T.  vulgare,  T.  Spelta, 
and  Hordeum^  silvaticum,-^  but  not  Avena  sativa,  Agropyron 
repens,  Hordeum  vxdgare,  nor  Secale  cereale. 

Ascospores  from  Bromus  commutatus^^  infected  B.  commu- 
tatus,  B.  hordeaceus,  but  not  B.  racemosus. 

Ascospores  from  Hordeum  vulgare-^  infected  H.  vulgare,  H. 
trifurcatum,  and  H.  zeocriton,  but  not  H.  l)ulbosum,  H.  juhatum, 
H.  maritinum,  H.  secalinum,  Avena  sativa,  Secale  cereale,  nor 
Triticum  vulgare. 

Ascospores  from  Hordeum  vulgare-'^  infected  H.  vulgare,  H. 
disticlium,  H.  zeocriton,  and  H.  trifurcatum,  but  not  Avena 
sativa,  Secale  cereale,  nor  Triticum  vulgare. 

Ascospores  from  Secale  cereale-'^  infected  S.  cereale,  but  not 
Hordeum  vulgare,  nor  Triticum  vtdgare. 

Ascospores  from  Triticum  vulgare-^  infected  T.  vulgare,  but 
not  Agropyron  caninum,  Avena  sativa,  Hordeum  vulgare,  nor 
Secale  cereale. 


='Reed  (21). 
^  Salmon  (29). 

='  When  young  plants  were  used,  infection  followwi  ;  with  older  plants  no  infec- 
tion occurred. 
=*Sa'mon  (.34). 
==  Salmon  (25). 
^  Marchal  (17).    No  details  of  the  experiments  are  given. 


[55] 


392  BULLETIN    OF    THE   UNRTERSITY    OP    WISCONSIN 

Results  with  Erysiphe  Polygoni  DC. 

Conidia  from  Galium  silvaticuni-''  infected  G.  silvaticum,  but 
not  Aegopodium  podogra/ria,  Ranunculus  repens,  Senecio  vul- 
garis, nor  Vicia  sepiurti. 

Conidia  from  Heracleum  spondylimn-''  infected  H.  spondylium, 
but  not  Aegopodium  podograria,  Anthriscus  silve'stris,  nor  Hy- 
pericum montanum. 

•    Conidia  from  Hypericum  perforatum-''  infected  H.  perforatum, 
and  H.  montanum,-^  but  not  Galium  silvaticum. 

Conidia  from  Ranunculus  repens-"'  infected  R.  repens  and 
Galidim  silvaticum.-^ 

Conidia  from  Pisum  sativum^^  infected  P.  arvense,  but  not 
Colutea  arborescens,  Onohrychis  sativa,  nor  Trifolium  pratense. 

Conidia  from  Trifolium  incarnatum-~  infected  T.  incarnatum, 
but  not  T.  repens,  Galium  silvaticum,  Hypericum  montanum, 
nor  Vicia  sepium. 

Conidia  from  Trifolium  pratense^°  infected  T.  pratense,  but 
not  T.  agrarium,  T.  filiforme,  T.  hyhridum,  T.  incarnatum,  T. 
tnedium,  T.  montanum,  T.  repens,  Lotus  corniculatus,  Medicago 
sativa,  3Ielilotus  arvensis,  Pisum  sativum,  nor  Lupinus  luteus. 

Results  with  Microsphaeba  Astragali^^   (DC.)   Trev. 
Conidia  from  Astragalus  glycyphyllus^-  infected  A.  glycy- 
pkyllus  and  A.  cicer,  but  not  Astragalus  sp.,  Vicia  sepium^,  nor 
Rohiiiia  pseudoacacia. 

Results  with  Phyllactinia  Corylea  (Pers.)  Karst. 
Conidia  from  Corylus  avellana^-  did  not  infect  C.  avellana. 
Conidia  from  Corylus^^  infected  Corylus,  but  not  Carpinus. 
Conidia  from  Carpiiius^^  infected  Carpinus,  but  not  Corylus. 
Ascospores  from  Carpinus^^  infected  Carpinus,  but  not  Fagus. 
Ascospores  from  Fagus^^  infected  Fagus,  but  not  Carpinus. 


"Neger  (19). 

28  A  slight  infection  occurred  in  one  case. 

"  An   infected  area  present  on   the   under   side  of  one  leaf. 

s"  Salmon   (29). 

^'  Neger  calls  this  Trichocladia  astiayaU. 

32Xeger  (19). 

33  Voglino  (38).    No  details  are  given. 
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Results  with  Sphaerotheca  Humuli  (DC.)  Burr. 

Conidia  from  Poteniilla  reptans^*  infected  P.  reptatis,  but 
not  Agrimonia  Eupo^oria,  Alchcmilla  arvcnsis,  A.  vulgaris, 
Fragaria  (cult,  sp.),  Poteriiim  officinale,  nor  Spiraea  ulmaria. 

Results  with  Sphaerotheca  HuiiLxi  var.  Flt^igixea 
(Schlecht). 

Conidia  from  Plantago  lanceolata^^  infected  P.  lanceolata,  but 
not  P.  major  nor  Taraxacum  officinale. 

Conidia  from  Taraxacum  officinales^  infected  T.  officinale,  but 
not  Fragaria  (cult,  sp.),  Plantago  media,  nor  P.  lanceolata. 

Resl'lts  with  Uxcixula  Aceris    DC.)  Sacc. 

Conidia  from  Acer  pseudoplatanus^^  infected  A.  pseudo- 
platanus  and  A.  campestre. 

Resltlts  with  Uxcixula  S-U.ICIS  (DC.)  "SVixter. 

Conidia  from  Salix  pur  pur  ea^^  infected  S.  purpurea  and  5. 
caprea. 

Conidia  from  Euonymus  Japonicus^'  infected  E.  Japonicus 
var.  aureus  var.  albomarginatus,  var.  ovatus  aureus,  var.  mi- 
crophyllus,  var.  President  Gunter,  E.  radicans,  E.  radicans  yar. 
microphyllus,  and  var.  Silver  Gem,  but  not  E.  nanus,  E.  ameri- 
canus  Tar.  angiistifolius,  E.  cJiinensis,  E.  europaeus,  E.  radicans 
var.  carrierei,  Celastrus  scandens,  C.  articulatus,  C.  orixa,  nor 
Primus  laurocerasus  var.  latifolia. 

Taking  into  accoiuit  all  of  the  work  ou  the  mildews  which 
has  been  done  by  Xeger.  Marchal.  Salmon.  Yoglino  and  myself, 
we  find  that  one  or  more  species  of  five  of  the  genera  of  the 


^  SaJmon  (29). 

^Salmon  (29). 

»Neger  (19). 

'' Salmon  (.3.3).  It  is  not  known  to  whar  species  this  mildew  be'ongs.  Arcan- 
geli  refer  it  to  Sphaerotheca  pannosa.  Salmon,  however,  regards  it  as  an  Ery- 
siphe  or  Microspheta. 
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Erysiphaceae  have  been  tested  for  their  capacity  for  infecting 
hostplants  other  than  the  one  from  which  they  were  obtained. 
Podosphaera  is  the  only  genus  which  thus  far  has  not  been 
tested.  AVith  reference  to  four  genera,  Microsphaera,  Sphaer- 
otheca,  Phyllactinia,  and  Uncinula,  the  data  are  very  meager. 
The  bulk  of  the  work  has  been  done  with  three  species  of  Ery- 
siphe — E.  cichoyacearum,  E.  graminis,  and  E.  polygoni  and 
even  with  these  species  the  number  of  trials  is  very  small  in 
many  cases,  the  evidence  often  resting  on  a  single  experiment. 
Still  sufficient  data  have  been  accumulated  to  form  the  basis  of 
cez'tain.  at  least    tentative  general  conclusions. 

So  far  as  investigated,  the  mildew  on  the  cucurbits,  Enjsiphe 
ciclioraccarunu  is  the  only  one.  with  the  doubtful  exceptions 
recorded  by  Xeger  and  referred  to  above,  which  is  shown  to 
be  capable  of  infecting  plants  belonging  to  more  than  one 
genus.  As  shown  in  the  tables,  my  results  with  this  mildew  are 
based  on  a  large  number  of  trials,  many  of  them  repeated  at 
different  times  during  three  years,  and  cannot  be  questioned. 

There  are  other  cases  where  the  mildew  is  limited  closely  to 
plants  of  a  single  genus.  For  example,  the  mildew  on  rye  is 
limited  to  species  of  the  genus  Sccalc.  The  same  is  true  with 
reference  to  the  lilue  grass  mildew  on  species  of  I'oa. 

Several  cases  also  are  recorded  where  the  mildew  from  one 
species  will  not  infect  other  species  of  the  same  genus.  Most 
of  these  claims,  however,  rest  on  insufficient  data.  The  evidence 
is  more  conclusive  with  reference  to  the  mildew  on  species  of 
Hordeum  and  also  the  one  on  the  Brome  grasses.  Salmon  (26, 
27,  30)  has  investigated  both  of  these.  The  mildew  on  barley, 
Hordeum  vxdgare,  will  infect  this  species  and  also  H.  decipiens, 
H.  hexa^tklion,  H.  itifennediunu  H.  hulhosum,  H.  distichum, 
H.  7naritinum,  and  //.  zeocriton,  but  will  not  pass  over  onto  H. 
jubatum,  H.  murinum,  H.  secalimini,  nor  H.  silvaticum.  In 
some  of  these  cases,  however,  the  number  of  trials  is  very  small. 

Another  interesting  case  is  that  of  the  mildew  on  the  Bromes. 
The  following  table,  slightly  modified  from  the  one  given  by 
Salmon.  (26)  shows  the  results  obtained  with  this  mildew. 
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Source  of  conidia. 

Plants  used  as  hosts. 
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Bromus  interruptua 

liromus  liordeaceua  and  var. 
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29,0 

28,0 
7,0 
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27,27 
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13,0 
7,0 

25,0 

122,9 
7,6 

■26,11 
16,10 

3 

7,6 

4 

5 

8,8 

8,7 



1  Subinfeclion. 

The  first  figure  indicates  the  number  of  leaves  inoculated,  the  second  the  number  in- 
fected. 


Fi'OMi  hi.s  data.  Salmon  concludes  that  four,  or  possibly  even 
five,  biologic  forms  exist  within  this  genus.  In  looking  over 
his  forms,  however,  there  seems  to  be  very  little,  if  any,  differ- 
ence between  some  of  them.  The  forms  on  B.  interrnptus  and 
B.  liordeaceus  differ  only  in  their  capacity  for  infecting  B. 
commutatus.  the  mildew  on  B.  liordeaceus  infecting  this  host, 
Avhile  that  on  B.  interrnptus  does  not.  The  form  on  B.  com- 
mutatus differs  from  that  on  B.  liordeaceus  in-not  infecting  B. 
mollis  and  B.  interrupt  us.  The  form  on  B.  arvensis  infects 
this  same  species,  but  not  B.  mollis.  Finally  the  form  on  B. 
tectorum  differs  from  that  on  B.  liordeaceus  in  being  able  to 
infect  B.  -.terilis.  It  is  evident  that  these  biolog'.c  forms  are  not 
distinctly  marked  off'  from  one  another,  even  if  they  exist  at  all. 

Salmon  supposes  that  some  of  these  hostplants,  as  B.  lior- 
deaceus, may  act  as  "bridging  species,"  enabling  the  fmigus 
to  pass  over  from  one  host  to  another.  For  example,  the  mildew 
on  B.  racemosus  failed  to  infect  B.  commutatus  (twelve  trials), 
while  it  infected  B.  liordeaceus  in  one  hundred  per  cent,  of  the 
cases  (thirty-four  trials).  Furthermore  conidia  from  B.  com- 
mutatiis  failed  to  infect  B.  racemosus  (thirty-six  trials),  while 
the  mildew  occurring  in  nature  on  B.  liordeaceus  infected  B. 
commutatus  (forty  out  of  forty-nine  trials).  From  these  data, 
Salmon  concludes  that  B.  liordeaceus  may  act  as  a  bridge  for 
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mildews  ou  B.  racemosus  aud  B.  commutatus.  He  tested  this 
in  one  ease  by  infecting  B.  liordeaceus  with  conidia  from  B. 
ra^enwsus.  The  eonidia  produced  on  the  former  were  then 
used  to  infect  B.  commutatus.  Salmon  did  not  test  the  infecting 
capacity  of  the  eonidia  produced  on  this  host  in  this  way.  They 
may  have  been  able  to  infect  both  B.  racemosus  and  B.  commu- 
tatus, or  perhaps  only  one  of  these.  If  only  the  latter  plant 
should  become  infected,  there  would  be  good  evidence  that  the 
fungus  is  modified  in  its  nature  by  living  on  the  intermediate 
host. 

Specialization  of  parasitism  has  been  investigated  in  practi- 
cally all  of  the  groups  of  parasitic  fungi.  As  is  well  known, 
Eriksson  (4.  5)  has  split  the  black  rust  of  grasses.  Puccinia 
graminis  Pers.,  up  into  several  specialized  forms,  as  follows: — 

1.  Puccinia   graminis   secalis,   on    eleven   species,   belonging   to 

five  genera. 

2.  Puccinia  graminis  avenac,  on  nineteen  species,  belonging  to 

thirteen  genera. 

3.  Puccinia  graminis   airac,  on   two  species,  belonging  to   one 

genus. 

4.  Puccinia  graminis  agrostis,  on  two  species,  belonging  to  one 

genus. 

5.  Puccinia  graminis  poac,    on  three  species,  belonging  to  one 

genus. 

6.  Puccinia  graminis  tritici,  on   one  species,  belonging  to  one 

genus. 

This  last  form  is  not  sharply  marked  oif ,  for  uredospores  from 
wheat  also  infect  barley,  rye  and  oats  in  some  cases. 

Carleton  (2),  in  investigating  the  specialization  of  Puccinia 
graminis  in  this  coimtry,  has  obtained  somewhat  different  re- 
sults from  those  of  Eriksson.  The  most  striking  difference  is 
in  Carleton 's  evidence  that  the  same  form  occurs  on  wheat  and 
barley,  whereas  in  Sweden,  the  form  on  barley  is  identical  with 
the  one  on  rye.  Furthermore,  the  form  on  wheat  in  this  country 
occurs  on  thirteen  other  species  of  grasses,  belonging  to  eight 
different  genera.  Carleton  also  regards  Hordeum  murinum  as 
a  host  of  the  form  avenae,  whereas  in  Sweden,  this  grass  is  a 
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host  of  the  form  secalis:  the  form  poae  is  also  not  sharply 
marked  off,  for  iiredospores  from  Poa  pratensis  infect  both 
barley  and  oats  to  a  certain  extent    at  least. 

Freeman"*  more  recently  has  reported  that  uredospores  from 
barley  will  infect  wheat  and  rye  readily,  as  well  as  barley,  and 
oats  to  a  certain  extent;  uredospores  from  wheat  will  infect 
wheat,  rye,  and  barley,  but  not  oats ;  uredospores  from  rj-e  will 
infect  rye,  wheat,  and  barley,  but  not  oats;  and,  finally,  uredo- 
spores from  oats  will  infect  oats  and  barley,  but  not  wheat  and 
rye.  The  oats  can  be  infected  by  the  rust  from  both  wheat  and 
rye  by  first  infecting  the  barley  with  uredospores  from  these 
hosts,  and  then  sowing  the  uredospores  produced  on  the  barley 
in  this  way  on  the  oats. 

This  work  throws  considerable  doubt  upon  the  existence  of 
distinct  biological  forms  in  this  species  of  rust.  Further  investi- 
gations are  necessary,  not  only  with  the  uredospores  from 
various  hosts,  but  also  with  the  other  spore  forms  of  the  rust. 
Eriksson,  it  is  true,  holds  that  aecidiospores,  produced  by  teleu- 
tospores  from  a  host  of  one  specialized  form,  will  infect  only 
hosts  belonging  to  this  form.  The  aecidial  stage,  according  to 
his  results,  does  not  serve  to  enable  the  fimgus  to  infect  a  larger 
series  of  plants:  each  form  is  specialized  throughout  its  entire 
life  cycle.  If,  however,  the  various  forms  are  not  sharply 
separated  from  one  another  in  their  uredo  stage,  it  is  doubtful 
if  they  are  in  their  other  stages.  The  whole  question  is  one 
that  needs  further  thorough  investigation. 

This  same  phenomenon  of  specialization  has  been  described 
for  several  other  rusts  by  Eriksson  and  others.  The  old  Puccinia 
sessilis  Schneid.,  is  especially  interesting,  as  a  rust  in  which  the 
uredo  and  teleuto  stages  occur  on  only  one  host.  Plialaris  arund- 
inacea,  while  the  aecidial  stage  occurs  on  a  number  of  monocoty- 
ledons. As  a  result  of  cultural  experiments  by  Plowright, 
"Winter,  Dietel.  Klebahn.  and  others,  this  species  has  been  found 
to  be  specialized  as  to  its  aecidial  hosts.  The  following  species 
have  been  separated  out,  entirely  on  the  basis  of  the  aecidial 
host : — 


**  Reported  at  the  meeting  of   Central   Boraaists.   March.    1907. 
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Puccinia  ari-phalaridis,  aecidium  on  Arum  maculatum. 

Puccinia  Allii-phalarldis  aecidium  on  AUiiun  ursinum. 

Puccinia  smilacearum-digraphi-  aecidium  on  Majanthemum  hi- 
dis,  folium,  Polygonatum   multiflor- 

urn,  Polygonatum  verticilatum, 
Convallaria  mojalis  and  Paris 
quadrifolia . 

Puccinia  convallar iae-digraphi-  aecidium  on  Convallaria  majalis. 
dis, 

Puccinia  paridi-digraj^hidis,         aecidium  on  Paris  quadrifolia. 

Puccinia  schmidtiana,  aecidium  on  Leucojum  vernum  and 

Leucojum  aestivxnn. 

Puccinia  orchideariun-iihalari-    aecidium  on  Orchis'  maculata,  Or- 
dis,  chismorio,  Orchis  latifolia,  Pla- 

tant/iera  bifolia,  Platanthera 
chlorantha  and  Listera  ovata. 

In  the  Chytridiaeeae.  Liidi  (13)  has  tested  the  infecting  capac- 
ity of  swarmspores  of  Synch ytrium  tanixaci  from  Taraxacum  of- 
ficinale. He  tried  to  infect  nineteen  species  of  Compositae  Avhich 
do  not  belong  to  the  subdivision  Cichoraceae,  but  with  negative 
results  in  every  ease.  He  also  used  twenty-one  species  Avhich 
belong  to  genera  of  this  sub-group,  but  was  able  to  infect  only 
four  species  of  the  genus  Tamxacnm: — T.  officinale.  T.  cerato- 
phornm,  T.  palustre,  and  T.  erythrospermum.  Three  other  species 
of. this  genus  tested,  remained  free  from  the  fungus.  In  many 
of  his  experiments,  Liidi  kept  control  plants  of  T.  officinale  and 
these  were  readily  infected  by  the  swarmspores. 

Giesenhagen  (10),  as  a  result  of  his  work  on  the  Exoasceae, 
suggests  that  Taplirina  aurea,  which  infects  three  species  of 
Populus.  is  becoming  specialized  into  races,  each  of  which  is 
adapted  to  a  single  species  of  Populus. 

Rostrup  (23)  believes  that  the  following  parasites  consist 
of  several  distinct  biological  races,  because  they  are  found  on 
ditferent  hosts  in  different  regions: — Dasyscypha  '[ViUkommii^ 
D.  calycina,  D.  ahietis,  Sclerotinia  sp.,  Rhytisma  acerinum, 
Loplwdermium.  pinasfri,  Phyllachora  graminis,  Epicliloe  ty- 
pkina,  Polystigma  ruhrum,  Xectria  ditissima,  Spliaerotlieca  pan- 
nosa,  Taplirina  velutina,  T.  turgida,  Exohasidiwii  vaccinii, 
TJsiilago  carho,  and  Protomyces  macrosporus.  Only  the  smut, 
Ustilago  carho,  was  tested  experimentally. 
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Magniis  (14)  mentions,  as  species  havini^'  adapted  races,  Per- 
onospora  parasit'ca  and  Ustilago  violacca,  adapted  races  of  the 
latter  occurring  on  Melandryfiim  album,  Dianthus  sp.,  and  Mal- 
dchium  aquaticuni. 

Stager  (37)  has  found  five  pliy.siological  species  in  the  ergot 
of  rye,  Claviceps  purpurea.  One  form  occurs  on  rye  and  also 
on  seventeen  other  species  of  gra&ses.  A  second  form  occurs 
only  on  GUjccria  fuiians;  a  third  is  confined  to  species  of  Lo- 
lium;  a  fourth  to  Foa  annua;  while  the  fifth  is  found  on  Bracliy- 
podium  silvaticuni  and  Milium  effusum.  Both  conidia  and  as- 
eospores.  Avhere  tested,  are  limited  in  the  same  fashion. 

Stager  did  not  find  any  such  specialization  in  Claviceps  micro- 
cepkala.     This  ergot  is  reported  on  only  three  grasses. 

There  are  cases  on  record,  however,  in  which  no  tendency  to 
such  specialization  of  parasitism  exists.  Arthur  (1)  has  been  able 
to  infect  ten  hosts,  belonging  to  three  ditt'erent  lamilies,  with 
sponridia  from  teleutospores  of  Puccinia  suhnitens  Diet.,  obtained 
from  Disticldis  spicata. 

Eberhart  (3)  has  also  found  that  the  swai'nisi)ores  of  Cys- 
topus  candidus  from  any  one  of  the  foUoving  hosts  viill  infect 
any  other: — Capsella  bursa  pastoris,  C.  hcegeri,  Lepidium  sati- 
vum,, Arabis  alpina,  A.  hirsuta,  A.  turrita,  Iberis  amara,  and 
Senebiera  coronopus.  The  swarmspores  from  Brassica  rapa, 
while  not  tested  on  any  of  the  plants  just  mentioned,  yet  in- 
fected B.  rapa,  B.  olcracca,  B.  nigra,  Sinapis  arvensis,  and 
Diplotaxis  tcnuifolia.  Swarmspores  of  Cystopus  tragopogonis 
from  Tragopogon  prate nsis  infected  this  plant  and  also  Scorzon- 
era  hispanica,  but  no  crucifer  which  was  tested. 

Camilla  Popta  (20)  has  been  able  to  infect  a  number  of  um- 
bellifers  with  the  same  form  of  Protomyces  macrosporus.  The 
following  plants  were  infected  with  the  fungus  from  Aegopo- 
dium  podagraria: — Cicuta  virosa,  SeseU  montanum,  Libanotis 
vulgaris,  Palimba  chalraii,  Bubon  gemmiferum,  PacJiypleurum 
alpinum,  Bunium  virescens,  Ferula  thyrsiflora,  Trinia  vidgaris, 
Athanianta  cretensis. 

If,  now,  we  study  the  character  of  any  one  host  with  reference 
to  the  specialization  of  the  parasites  which  attack  it,  we  find  na 
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noticeable  correspondence  in  the  behavior  of  the  different  fungi. 
In  the  parallel  columns  below  are  given  the  hosts  of  four  par- 
asites which  attack  rve.  Secale  cereale. 


Claviceps 
purpurea . 


Secale  cereale 

Hordeum   vulgare    

Hordeum    murinum    

HiercMoa  horealis    

A.rrhenatherum  elatius   . .  . 

DactyVis  glonierata 

Festuca  pratensis    

Phalaris  arundinacea   .... 

Brisa  media    , 

Calamof/ro-stis  arundinacea 
Anthoranthum  odoratum    . 

Poa  alpina 

Poa  caesia 

Poa  compressa   

Pea  concinna   

Poa  hyhrida   

Poa  pratensis   

Poa  sudetica 


Erysiphe 
c/raminis. 


Secale   cereale    .  . 
Seca.e  anatolicum 


Puccinia 
graminis. 


Secale  cereale 

Hordeum  vu'.gare  .  .  .  . 
Hordeum  murinum  . .  . 
Hordeum  juhatum  .  .  .  . 
Hordeum  comosum  .  .  . 
Agropyron  caninum  .  . 
Agropyron  deseriorum 
Agropyi-on  repens  . . .  . 
Bromus  secalinus  .  . . . 
Elymus  arenarius .  .  . 
El'pmus  sihiricus 


Puccinia 
dis]:)ersa. 


secale  cereate 


While  the  mildew  and  brown  rust  are  limited  to  the  rye,  the 
other  two  fungi  also  occur  on  a  number  of  species,  belonging 
to  several  different  genera.  Hordeum  vulgare  and  H.  murinum 
are  hosts  of  both  Puccinia  graminis  and  Claviceps  purpurea. 
Various  species  of  Poa  are  found  as  hosts  of  the  ergot  of  rye, 
while  a  distinct  form  of  mildew  occurs  on  this  genus. 

Nor  is  there  any  striking  similarity  in  the  specialization  of 
the  rust,  Puccinia  dispersa,  and  the  mildew,  Erysiphe  graminis, 
of  the  bromes,  as  worked  out  by  "Ward  (40,  42)  and  Freeman 
(8)  for  the  former,  and  by  Salmon  (26,  30)  for  the  latter.  The 
mildew  from  Bromus  secalinus  infected  the  following  bromes 
as  indicated.  Parallel  to  this  are  placed  the  results  with  ured- 
ospores  of  P.  dispersa  from  this  brome  on  the  same  hosts. 
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Conidia  of 
Erysiphc 
gruminis. 


Bromus  brizae/ormis •  6*  6 

Bromus  commuiatux •  3:i  lo 

Bromus  macrostachijx 3  0 

Broinnx  mollis . .   6  1 

Broin us  racemottis I  12  0 


U  red  OS  pores  of 
/'■•ff  ifiia 
diihfi  >ifi . 


8         3 
12         1 


*  The  first  column  indicates  the  number  of  leaves  inoculated,  the  second,  the 
number   infected. 

Sufficient  data  are  not  available  for  similar  comparisons  with, 
the  other  brome  grasses. 

From  this  brief  consideration  of  the  specialization  in  the  vari- 
ous groups  of  parasitic  fungi,  it  is  evident  that  there  are,  (1)  spe- 
cialized forms  which  are  sharply  restricted  to  definite  hostplants, 
for  example,  the  rye  mildew.  There  are  other  cases  (2)  where 
there  is  no  such  sharp  limitation  to  special  hosts,  but  perhaps 
a  tendency  for  a  fungus  to  infect  certain  plants  much  more 
readily  than  others,  for  example,  the  black  rust  of  cereals. 
In  a  third  class,  the  fungus  seems  able  to  pass  over  to  a  large 
number  of  hosts  with  perfect  readiness,  as  the  cucurbit  mildew, 
and  also  the  ergot  of  vjq.  Any  one  host,  as  rye,  may  apparently 
harbor  fungi  belonging  to  all  three  of  these  classes. 

It  has  been  supposed  that  these  physiological  forms  are  the 
first  stages  in  the  evolution  of  morphological  species.  This  is  a 
very  natural  idea  and  occurs  to  every  one,  and  Fischer  (6,  7) 
has  recently  brought  together  fairly  good  evidence  that  the 
various  physiological  forms  in  certain  rusts  are  to  be  considered 
as  stages  in  the  evolution  of  morphological  species.  He  bases 
his  conclusions  on  the  systematic  work  of  Lindroth  (12)  and 
the  experimental  work  of  Semadeni  (36)  on  certain  rusts  of  the 
umbellifers. 

Lindroth  separates  the  rusts  of  this  family,  on  the  basis  of 
the  characters  of  the  teleutospores,  into  several  groups.  In  the 
follo^Aing  scheme,  the  classification  of  Lindroth  as  applied  to 
certain  species,  and  also  Semadeni 's  experimental  results  with 
some  of  these,  are  given. 
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Wall  of  teleutospore  smooth  — Bullatae. 
Pore  of  under  cell  near  cross  wall. 

Puccinia  libunotidis. 
Pore  removed  from  cross  wall. 

Uredospore  with  2-3  germ  pores,  22— 29 /<X  21— 25  /t;  teleuto- 
spore 28—49  a  X 18— 25  //. 
P.  petroselini. 
f.  sp.  on  Aethusa  cynapium. 
f.  sp.  on  Petrosclinum  sativum. 
Udospores  with  3-4  germ  pores,  25— 40  aX18— 28 /<;  teleuto- 
spore 28-42 /^XlS— 32  /i. 
P.  hullata. 
f.  sp.  on  SUaus  pratensis. 
f.  sp.  on  Thysselinion  palustre  {^= 
Peucedanum  palustre). 
Wall  of  teleutospore  reticulated — Reticulatae. 
Uredospores  with  3  germ  pores . 
P.  cltaeropJiyUi 
f.  sp.  on  Chaerophyllum  aureum. 
t.  sp.  on  Anthriscus  silvestris. 
Anthri sous  crrefolium  and  on  Myrrhis  odorata. 
Uredospores  with  2  germ  pores . 
P.  pimpinellae . 
Wall  of  teleutospore  warty — Psoradermae. 
P.  oreoselhd. 

In  this  cla.ssification,  we  have  the  larger  groups  separated  on 
the  basis  of  the  sculptuiing  of  the  teleutospore.  In  the  group 
Bullatae,  the  next  basis  of  separation  is  the  position,  of  the  germ 
pore  of  the  lower  cell  of  the  teleutospore.  The  species  within 
these  subgroups  are  next  separated  on  the  basis  of  the  size  and 
shape  of  the  teleutospore.  Further,  after  all  the  possible  species 
have  been  separated  on  the  basis  of  morphological  differences, 
Semadeni  has  found,  as  a  result  of  his  experiments,  that  these 
morphological  species  are  broken  up  into  physiological  forms, 
sharply  restricted  to  definite  hosts.  We  have  here,  purely 
physiological  species  on  the  one  hand,  and  widely  separated 
morphological  species  on  the  other,  with  all  varying  grades  of 
differences  between. 
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This  is  the  most  thoroughly  worked  out  attempt  to  show  the 
connection  between  these  specialized  forms  and  distinct  mor- 
phological species. 

The  question  arises  as  to  how  this  specialization  has  arisen, 
and  it  is  plain  that  this  leads  to  the  old  question  of  the  origin 
of  species.  Assuming  that  species  vary,  this  specialization  may 
have  come  about  in  two  ways.  Either  the  hostplants  may  have 
varied  slightly  from  one  another  and  thus  influenced  the  fungus 
growing  upon  them,  or  the  fungus  itself  may  have  varied  in- 
dependently of  the  host. 

That  changes  in  the  hostplaut  do  influence  the  parasitism  of 
a  fungus,  is  shown  by  Salmon's  (28,  32)  results  on  injured 
plants.  He  has  mechanically  injured  leaves  of  barley,  for  ex- 
ample, by  cutting  away  the  epidermis  on  one  side  of  the  leaf  and 
also  a  part  of  the  mesophyll.  Conidia  taken  from  wheat  were 
then  soT\-n  on  the  intact  epidermis  of  these  injured  leaves.  Sal- 
mon found  that  infection  followed,  conidia  being  produced 
which  would  infect  other  similarly  injured  barley  leaves  and 
also  normal  leaves  of  wheat,  the  host  from  which  the  fungus 
was  originally  obtained.  The  conidia  produced  on  the  barley ,^ 
however,  were  not  able  to  infect  healthy,  uninjured  barley  leaves. 
Similar  results  were  obtained  when  barley  leaves  were  sub- 
jected to  anaesthetics,  alcohol,  or  water  heated  to  about  50  C.,. 
and  then  inoculated  with  conidia  from  wheat. 

These  experiments  show  that  the  hostplant  can  be  made  to 
var\-  in  its  ability  to  resist  the  attack  of  the  fungus.  The  im- 
munity which  the  hostplant  naturally  enjoys  may  be  destroyed 
by  injury  of  one  sort  or  another.  There  is,  however,  no  evidence 
of  any  permanent  change  in  the  fimgus.  There  is  nothing  to 
indicate  that  it  could  obtain  a  permanent  foothold  on  a  plant 
through  injuries  to  the  latter,  when  it  cannot  infect  the  same 
host  in  its  normal  condition. 

In  some  of  the  trials  in  which  I  inoculated  seedlings  of  the 
simflower  with  conidia  from  the  squash,  the  plants  were  taller 
and  more  slender  than  normal  plants  of  the  same  age.  The 
conidia  produced,  however,  infected  apparently  normal  sun- 
flower plants  as  well  as  squash  seedlings. 
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The  age  of  the  hostplant,  when  inoculated,  is  also  of  impor- 
tance in  determining  the  possibility  of  infection.  Salmon  (34) 
was  able  to  infect  young  plants  of  Hordeum  silvaticum  with  the 
mildew  from  wheat.  He  cultivated  this  fungus  on  H.  silvati- 
cum for  five  generations.  The  eonidia  produced  each  time  were 
also  tested  on  wheat,  full  infection  resulting.  Thus  the  mildew 
did  not  lose  its  capacity  to  infect  wheat,  nor  did  it  gain  the 
capacity  to  infect  older  plants  of  Hordeum  silvaticum.  Further- 
more, it  was  not  able  to  infect  barley,  Hordeum  vulgare,  a 
capacity  which  the  mildew,  found  in  nature  on  H.  silvaticum, 
possesses. 

I  have  obtained  somewhat  analogous  results  with  the  mildew 
from  the  squash  on  Sicyos  angidatus.  As  shown  in  table  XVIII, 
twenty-six  of  the  twenty-seven  inoculated  cotyledons  became 
infected,  while  out  of  forty-eight  inoculated  leaves,  only  twenty- 
two  became  infected.  Furthermore,  there  never  was  the  vigor- 
ous growth  of  the  fungus  on  the  leaves  such  as  occurred  on  the 
cotyledons.  It  is  true  that  the  plants  used  in  experiments  115f 
and  117  were  well  infected  on  both  leaves  and  cotyledons.  These 
plants,  however,  were  small  and  dwarfed  as  compared  with 
plants  in  the  other  tests. 

It  is  also  of  interest  in  this  connection  to  note  that  a  plant,  when 
carried  to  a  new  region,  may  become  infected  bj^  a  fungus  which 
is  not  known  to  attack  it  in  its  native  habitat.  The  white  pine 
in  Europe  is  attacked  by  Peridermium  Strohi,  a  fungus  which 
is  not  recorded  on  it  in  America,  the  native  home  of  this  pine.  Mi- 
crosphaera  alni  is  very  abundant  on  Syringa  vulgaris  in  North 
America,  while  there  is  no  record  of  the  occurrence  of  this 
mildew  on  the  lilac  in  Europe. 

The  so-called  "bridging  species"  are  regarded  as  of  high 
significance  in  showing  that  a  parasite  may  change  in  its  capac- 
ity for  infecting  plants  by  cultivation  on  certain  hosts.  Ward 
(40)  first  suggested  the  idea  that  certain  plants  may  serve  for 
the  passage  of  a  fungus  from  one  host  to  another,  in  cases  where 
the  fungus  on  the  one  plant  cannot  directly  infect  the  other. 
He  considers  Bromus  arduennensis  to  be  such  a  bridging  species 
for  Puccinia  dhpersa,  enabling  it  to  pass  from  brome  species 
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of  the  section  Serrafalcus  to  species  of  the  section  Libertia. 
This  brome  can  be  readily  infected  with  uredospores  from  B. 
mollis  of  the  section  Serrafalcus,  as  "well  as  with  spores  from 
plants  of  the  section  Libertia,  to  which  B.  arduennensis  belongs. 
If  we  compare  "Ward's  results  with  spores  from  these  two 
species  on  the  same  hosts,  we  get  the  following  interesting  data; 


Libertia. 

Brtiinus  nriluennensix 

Bromiis  arduennensis  var.  villosus 
Serrafalcus. 

Bromus  asper 

Bromus  marinms 

Bromus  mollis 

Bromus  secalinus 

Bromus  sterilis 


*Tbe  first  column  indicates  the  number  of  leaves  inoculated,  the  second  the  num- 
ber infected. 


I  cannot  accept  "Ward's  conclusion  in  this  case.  From  his 
data,  it  is  evident  that  the  parasites  on  these  two  hosts  are 
practically  identical  in  their  capacity  for  infection.  Instead 
of  B.  arduennensis  serving  as  a  bridge  for  the  fungus  on  B. 
mollis  to  pass  over  to  other  bromes,  it  is,  in  reality,  only  a  host 
for  the  same  form  of  rust  as  the  others.-  It  does  not  enable 
the  rust  on  B.  mollis  to  pass  to  any  plant  which  it  cannot  di- 
rectly infect. 

The  evidence  that  Bromus  krausei  and  B.  pendulinus  are 
"bridging"  species  is  better  established.  The  following  data 
are  given  to  show  how  these  two  species  may  act  as  "bridges" 
between  B.  sterilis  and  B.  mollis. 
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Serrafalcns. 

Broil) us  krauxei 

£romus  /je"duliinis 

Bromus  m  oil  i  for  in  is 

Bromus  rnotUs 

Bromus  vestUus 

Slenobromus. 

Bromus  sterilis 

Bromus  rjussoni    .... 


Uredospores 

Uredo 

spores 

from 

from 

B.  sterilis. 

B.    Ill 

His. 

29* 

14 

••>- 

■'7 

65 

17 

50 

cO 

25 

1 

26 

■} 

137 

1 

154 

119 

4 

1 

4 

3 

146 

126 

148 

4 

60 

37 

53 

6 

*  The  first  column    indicates   the    number  of  leaves   inoculated,   the   second  the 
number  infected. 


These  are  the  only  species  which  are  infected  by  spores  from 
both  B.  tnollis  and  B.  sterilis.  Of  these  two.  B.  sterilis  and 
B.  Giissoni,  belong  to  the  section  Stenobromus  and  the  remainder 
to  the  section  Serrafaleus. 

Unfortunately  we  are  not  told  what  the  spores  on  B.  Krausei, 
for  example,  produced  by  inoculation  Avith  spores  from  B.  mollis 
will  do.  They  may  infect  B.  sterilis  only,  or  B.  mollis,  or  both 
of  these.  AVe  need  further  studies  on  such  forms  as  these  to 
determine  exactly  to  what  extent  they  may  act  as  bridges,  if 
indeed  they  act  in  this  capacity  at  all. 

TVhile  there  are  marked  differences  in  the  infecting  capacity 
of  uredospores  from  B.  sterilis  and  B.  nwllis,  yet  the  two  fonns 
can  infect  each  of  these  species,  as  well  as  five  others.  It  seems 
that  the  rusts  on  these  two  hosts  are  not  sharply  marked  off 
from  each  other.  It  is  possible  that  here  we  have  races  which 
are  adapted  to  certain  hosts,  but  Avhich  can.  under  favorable 
conditions,  infect  several  others. 

I  have  already  considered  the  case  where  barley,  according 
to  Freeman,  may  serve  as  a  bridge  for  the  black  rust.  Puccinia 
graminis,  on  rye  and  wheat  to  infect  oats,  and  also  the  case  where 
Bromus  liordeaccus  is  supposed  to  act  as  a  bridging  species  to 
enable  the  mildew  on  B.  racemosus  to  pass  on  to  B.  commutatus, 
according  to  Salmon  (31). 

In  all  cases  of  parasitism  the  influence  of  both  the  parasite 
and  the  host  must  be  considered.  The  external  conditions  may 
favor  the  one  or  the  other.  Any  external  condition  which  de- 
creases the  vitality  of  the  host  may  favor  the  increased  growth 

[70]  ■ 


REED INFECTIONS  WITH  ERYSIPHE  CICHORACEARL  M   DC.         407 

of  the  parasite.  Lower  temperature,  increased  moisture,  too 
rapid  growth,  may  decrease  the  host's  power  of  resistance.  The 
factors,  on.  the  other  hand,  which  favor  the  normal  develop- 
ment of  the  host,  may  lessen  the  chances  of  the  fungus  to  de- 
velop. These,  at  least,  are  the  commonly  accepted  statements 
as  to  the  relations  of  pathogenic  bacteria  to  their  hosts. 

On  the  other  hand,  in  my  work  I  have  observed  that  experi- 
ments often  fail  if  unhealthy  plants  are  used.  If  the  leaves 
were  more  or  less  badly  injured  by  insects,  the  mildew  usually 
failed  to  develop,  whereas  a  good  infection  would  result  on  ap- 
parently normal,  healthy-looking  leaves.  It  is  impossible  to 
say  just  what  difference  existed  in  the  host  in  these  two  cases, 
but  in  general,  leaves  that  were  carrying  on  their  normal  func- 
tions were  more  susceptible  to  the  mildew  than  those  whose 
functions  were  interfered  with  by  insect  injury  or  otherwise. 

The  resistance  of  the  barley  to  the  rye  mildew,  and  vice 
versa,  may  be  due  either  to  the  anatomical  structure  of  the  leaf, 
or  to  some  influence  which  the  protoplasm  of  the  host  exerts, 
thus  hindering  or  preventing  the  development  of  the  parasite. 
In  connection  with  his  work  on  the  Brome  rust.  Ward  (41)  has 
investigated  very  carefully  the  number  and  size  of  the  stomata 
and  hairs  per  square  millimetre  of  surface  on  both  the  upper 
and  the  lower  sides  of  the  leaves,  the  breadth  and  thickness  of 
the  leaf,  the  proportions  of  vascular  tissue  to  chlorophyll  tissue, 
and  so  forth.  He  tinds  no  correspondence  between  any  of  these 
measurements  and  the  predisposition  or  immunity  of  any 
species.  He  concludes  that  "the  capacity  for  infection  or  for 
resistance  to  infection  is  independent  of  the  anatomical  struct- 
ure of  the  leaf  and  must  depend  on  some  other  factor  or  factors 
in  the  plant." 

I  have  mentioned  above,  the  fact  that  the  leaves  of  Coccinea 
cordifolia  have  a  waxy  cuticle,  and  suggested  that  this  might 
be  the  reason  for  the  cucurbit  mildew  failing  to  establish  itself 
on  this  plant.  Two  species  of  Luffa  also  were  entirely  resistant 
to  the  mildew,  and  their  leaves  have  a  much  rougher,  harder 
surface  than  most  other  cucurbits.  Whether  such>  physical 
characters  may  determine  the  plant's  capacity  to  resist  infec- 
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tion  by  a  fungus,  is  still  a  question.  In  such  cases,  however^ 
as  in  the  failure  of  the  bailey  mildew  to  infect  rye,  it  is  hard 
to  see  what  anatomical  characters  can  prevent  infection,  es- 
pecially as  the  barley  can  be  readily  infected  by  its  own  mil- 
dew. 

Massee  (18)  has  recently  attempted  to  explain  the  parasitism 
of  fungi  as  due  to  chemotactic  relations.  He  believes  that  some 
substance,  perhaps  sugar,  is  present  in  certain  plants,  while 
absent  in  others.  A  given  fungus  is  able  to  attack  the  former 
successfully  because  it  is  attracted  by  this  substance.  "An  im- 
mune plant  is  an  individual,  in  which  the  positive  chemotactic 
substance  necessary  for  facilitating  the  entrance  of  the  germ 
tubes  of  a  given  parasitic  fungus  into  its  tissues,  is  absent." 

This  theor}'  fails  to  explain  those  cases  in  which  a  fungus 
can  get  a  start  in  a  plant  but  is  not  able  to  complete  its  develop- 
ment. Salmon  (35)  has  investigated  the  degree  of  development  of 
the  wheat  mildew  on  barley.  He  finds  that  an  appressorium  is 
formed  by  the  germ  tube  and  haustoria  are  formed  in  the  epi- 
dermal cells.  After  forty-eight  hours,  in  most  cases,  there  was 
no  further  development.  Most  of  the  haustoria  had  begun  to 
disorganize.  By  the  sixth  day,  all  the  haustoria  had  degener- 
ated more  or  less  completely,  while  if  the  wheat  mildew  had 
been  sown  on  wheat  leaves,  full  infection,  with  abundant  pro- 
duction of  conidia,  would  have  occurred  by  the  sixth  day. 
Similar  results  were  obtained  with  the  oat  mildew  on  wheat, 
and  the  mildew  from  Bromus  mollis  and  B.  racemosiis  on  B.  com- 
mutatus. 

In  the  case  of  the  rusts  also,  "Ward  (43)  has  found  that  areas  of 
abortive  infection  are  present  on  even  so-caUed  immune  plants. 
The  fungus  has  succeeded  in  establishing  itself  but,  for  one 
reason  or  another,  has  not  been  able  to  develop  to  maturity. 

In  these  cases,  the  immunity  of  the  host  cannot  be  explained 
as  due  to  the  absence  of  some  positively  chemotactic  substance 
in  the  host.  The  fungus  does  affect  an  entrance  and  may  even 
nearly  reach  the  stage  of  spore  fonnation  before  being  checked. 

Mss  Gibson  (9)  has  sown  the  spores  of  several  rusts  on  hosts 
which  they  are  not  known  to  infect.     She  has  found  that  in 
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nearly  every  case  germ  tubes  were  pushed  out,  Tvhicli  passed 
through  the  stomata  into  the  mesophyll  of  the  leaf. 

"Ward  has,  m  essence,  applied  the  commonly-accepted  theory 
of  animal  immunity'  against  the  bacteria  to  plants.  He  says 
that  '"infection  and  resistance  to  infection  depend  on  the  power 
of  the  fungus  protoplasm  to  overcome  the  resistance  of  the 
cells  of  the  host  by  means  of  enzj'mes  or  toxins,  and,  recipro- 
cally, on  that  of  the  protoplasm  of  the  cells  of  the  host  to  form 
antibodies  which  destroy  such  enzymes  or  toxins,  or  to  excrete 
chemotaetic  substances  which  repel  or  attract  the  fungus  pro- 
toplasm." The  immunity  of  a  host  is  not  due  to  the  inability 
of  the  fungus  to  enter  it,  but  the  latter  is  hindered  in  its  de- 
velopment or  from  carrying  on  its  normal  functions,  by  the 
former. 

In  cases  where  a  fungus  successfully  attacks  a  plant,  "Ward 
believes  that  there  is  some  sort  of  a  symbiotic  relationship  es- 
tablished between  the  host  and  parasite.  The  latter  is  able  to 
draw  upon  the  resources  of  the  former  without  interfering  with 
the  nutrition  and  division  of  the  cells  of  the  host.  The  oat  smut 
thus  is  able  to  live  in  the  growing  region  of  the  host,  and  only 
when  the  seeds  are  developing,  does  the  parasite  assert  itself. 
It  is  hard  to  conceive,  however,  any  advantage  which  the  host 
derives  from  this  relationship,  and  by  symbiosis  we  understand 
the  existence  of  mutualistic  relations  between  organisms,  in 
which  there  are  advantages  derived  by  both  plants  from  their 
association  together. 

But  there  is  another  and  more  familiar  standpoint  from 
which  this  matter  may  be  viewed.  On  the  one  hand,  we  have 
the  parasite  which  is  striving  to  obtain  a  foothold  in  the  host, 
in  order  to  secure  food  for  its  further  development.  On  the 
other  hand,  the  host  is  doing  its  best  to  ward  off  the  attack  of 
the  parasite  and  prevent  its  establishing  itself  in  its  tissues. 
There  is  then  a  struggle  going  on  between  the  two.  In  those 
cases  where  the  parasite  gains  an  entrance  and  pruduces  small 
abortive  infection  areas,  it  is  apparently  able  to  overcome,  for  a 
time,  the  defences  of  the  host  cells.  But  the  latter  soon  get 
the  upper  hand,   and  the  fimgus  mycelium  is  checked  in   its 
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growth.  Although  some  cells  of  the  host  are  killed  in  this 
struggle,  yet  it  is  a  good  thing  in  the  end  for  the  host  to  be 
thus  able  to  prevent  the  complete  development  of  the  parasite 
in  its  tissues. 

When,  however,  a  parasite  successfully  establishes  itself,  the 
struggle  which  has  been  going  on  between  it  and  the  plant  at- 
tacked, turns  out  the  other  way.  The  parasite  is  able  to  com- 
pletely overcome  the  defences  of  the  host  and  establish  itself, 
passing  through  its  regular  life  cycle. 

On  this  view,  the  oat  and  its  smut  are  not  living  peaceably 
together  in  any  sort  of  symbiosos,  but  they  are  constantly  en- 
gaged in  a  struggle  with  each  other.  The  oat  has  the  upper 
hand  for  a  long  time,  and  manifests  no  evidence  of  harboring 
a  parasite  in  its  tissues.  When,  however,  the  time  for  seed 
formation  comes,  the  young  ovule,  into  which  an  abundance  of 
rich  food  is  being  carried,  affords  just  the  right  conditions  for 
a  vigorous  growth  of  the  parasite.  It  then  takes  advantage  of 
its  opportunities,  and  forms  a  mass  of  spores  in  the  place  where 
the  host  should  form  its  seed. 

It  is  a  question  whether,  in  eases  where  a  parasite  gets  a  start 
on  a  host  in  which  it  cannot  fully  develop,  the  growth  of  the 
parasite  is  inhibited  by  substances  secreted  by  the  host,  or 
whether  the  former  is  starved  out  by  the  latter.  Ward  has 
studied  the  host  cells  in  the  neighborhood  of  the  abortive  in- 
fection areas  on  so-called  immune  plants,  as  referred  to  above. 
He  finds  that  these  cells  are  often  collapsed  and  the  nuclei  and 
chromatophores  are  disintegrated.  He  concludes  that  the  fun- 
gus "hyphae  attack  the  cells  too  vigorously  at  the  outset.  In- 
stead of  capturing  them,  as  it  were,  by  putting  in  haustoria 
which  delicately  tap  the  cell  contents  and  make  them  serve 
as  sources  of  food  supplies,  the  fungus  clumsily  kills  these 
cells  and  is  in  consequence  subjected  to  all  the  exigencies  of 
starvation." 

As  mentioned  above.  Miss  Gibson  (9)  has  found  that  a  para- 
site may  attain  a  considerable  development  in  a  plant  which  it 
finally  cannot  fully  infect.  After  a  period  of  about  three  days, 
the  liyphae,  which  have  passed  into  the  interior  of  the  leaf,  die 
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and  shrivel  up.  She  believes  that  the  death  of  the  entering 
hyphae  is  not  due  so  much  to  starvation  as  to  some  poisonous 
substance  emitted  by  the  host  cells,  for  she  has  found  that, 
when  the  h^-phae  inside  the  leaf  are  dead,  those  on  the  outside 
seemed  to  be  normal  and  full  of  protoplasm. 

"We  have  no  definite  means  of  distinguishing  between  a 
mycelium  killed  by  poisons  and  one  killed  by  lack  of  food. 
It  may  be  that  the  barley  mildew  is  unable  to  get  the  necessary 
food  material  in  the  rye  leaf  and  so  is  starved  out  of  existence. 
It  is  also  possible  that,  while  it  can  obtain  plenty  of  food  ma- 
terial, it  also  encounters  some  substance  which  inhibits  its 
further  development.  That  there  is  plenty  of  food  in  the  rye 
leaf,  is  proved  by  the  fact  that  the  lye  mildew,  morpholog- 
ically like  the  barley  mildew,  can  develop  very  v.gorously  on 
the  leaves  of  this  plant. 

The  question  as  to  why  specialization  should  be  present  in 
.some  cases  and  not  in  others,  is  raised  most  clearly  by  the 
cases  of  the  grass  and  cucurbit  mildews.  The  mildew  on  the 
grasses  is  highly  specialized,  so  far  as  knoA^Ti  each  specialized 
form  being  restricted  to  species  of  a  single  genus.  On  the  other 
hand,  the  mildew  on  the  cucurbits  is  able,  not  only  to  infect 
seventeen  species  belonging  to  ten  genera  of  the  Cucurbitaceae, 
but  imder  certain  conditions,  can  also  infect  the  plantain, 
PJantago  nigelii,  and  the  sunflower.  Helianthus  autiiius,  plants 
which  belong  to  different  families  from  the  cucurbits.  It  is 
possible  that  rye  and  barley  are  more  distantly  related  to  each 
other  than  the  various  genera  of  cucurbits,  but  it  is  hardly 
likely  that  these  two  grains  are  more  distantly  related  than 
the  squash  and  plantain.  Furthermore,  there  is  certainly  no 
more  difference  morphologically  between  Bromus  commutatus 
and  B.  racemosus  than  between  the  squa.sh.  Cucurhita  moxima, 
and  the  cuciunber,  Cucumis  sativus. 

There  is  some  evidence  that  differences  in  habitat  may  ex- 
plain, in  part,  at  least,  the  existence  of  specialization.  iNIagnus 
Q4)  mentions  Ustilayo  violacca  as  infecting  one  host  in  one 
region  and  another  host  in  another  locality.     There  are.  how- 
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ever,  no  greater  differences  in  the  habitat  of  the  two  bromes- 
mentioned,  or  even  of  rye  and  barley,  than  between  the  various 
cucurbits. 

There  is  another  phase  of  the  matter  that  must  be  considered 
at  least  as  a  possible  factor  in  the  explanation.  Grasses,  in  gen- 
eral, have  the  habit  of  growing  together  and  forming  large 
meadows,  composed  of  a  large  number  of  individuals.  These 
meadows  may  be  almost  entirely  of  one  kind  of  grass,  or  they 
may  contain  a  mixture  of  grasses.  It  may  be  that  the  grass 
mildew  has  found  it  to  its  advantage  to  specialize  on  certain 
grasses,  being  able  to  find  always  a  large  number  of  individuals 
of  any  particular  host  to  attack,  and  by  adapting  itself  to  a 
particular  one,  is  able  to  attack  it  more  vigorously  than  it  other- 
wise could. 

On  the  other  hand,  cucurbit  vines  usually  grow  more  or  less 
separated  from  each  other.  In  any  particular  area  there  are, 
as  compared  "«'ith  blue  grass,  relatively  few  individuals.  Now 
if  a  fungus  was  specialized  to  a  part.cular  cucurbit,  it  would 
find  relatively  few  individuals  to  attack,  whereas,  if  it  is  able 
to  attack  any  cucurbit  in  the  region,  its  chances  of  maintaining 
itself  successfully  will  be  proportionally  increased. 

It  is  true,  of  course,  that  some  cucurbits,  as  Sicyos  angtilutus, 
do  form  rather  large  colonies  of  vines  in  certain  localities.  They 
do  not.  however,  compare  in  number  of  individuals  with  the 
grass  colonies  in  meadows  and  prairies.  Xo  mildew,  however, 
has  been  reported  on  this  plant,  and  in  my  experiments,  I  never 
secured  a  rich  infection  with  normal  plants. 

In  the  case  of  the  Compositae,  we  find  that  some  species  form, 
rather  large  aggregations  of  individuals.  Others  have  the  habit 
of  growing  more  or  less  isolated.  The  plantain  often  forms  areas 
containing  a  large  number  of  individuals.  This  factor  of  dense 
aggregations  of  individuals  on  the  one  hand,  and  their  more 
or  less  isolated  occurrence  on  the  other,  is  one  that  needs  addi- 
tional investigation. 

It  has  been  suggested  that  the  amount  of  water  in  the  tissues 
of  a  plant,  may  explain  their  susceptibility  to  infection.  It  is 
doubtless  true  that  all  the  cucurbits  contain  a  large  amount  of 
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water  in  their  tissues.  If,  however,  we  compare  barley  and  rye, 
there  is  no  marked  difference  in  this  respect,  and  yet  each  has 
a  mildew  sharply  restricted  to  itself.  The  failure  of  the  barley 
to  be  infected  by  the  rye  mildew  is  not  due  to  a  lack  of  water, 
for  its  own  mildew  finds  plenty  of  this  in  order  to  obtain  a  foot- 
hold. Some  less  obvious  differences  must  exist  in  these  two 
cereals  Avhich  intluenee  their  behavior  toward  the  two  parasites. 
We  are  far  from  being  able  to  lay  down  any  general  laws  of 
parasitism.  The  factors  are  so  complex  and  the  conditions  so 
various  that  as  yet  we  are  not  able  to  state,  with  any  degree  of 
certainty,  just  why  one  plant  should  be  infected  by  a  particular 
parasite  and  not  by  another.  In  all  of  our  investigations,  we 
have  not  touched  upon  the  fundamental  relations  that  must 
exist  between  the  cells  of  the  host  and  parasite,  and  imtil  we 
have  worked  these  out,  no  general  laws  can  be  stated. 


This  work  has  been  done  under  the  direction  of  Professor 
B.  A.  Harper  and  I  am  greatly  indebted  to  him  for  his  kindly 
criticisms  and  valuable  suggestions. 

Madison,  Wisconsin. 
Aug.  1.  1907. 
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A  STUDY  OF  TELLURIDES 


INTRODUCTION 

Sir  Humphrey  Davy^,  in  the  course  of  liis  investigations  up- 
on the  alkali  metals,  prepared  the  tellurides  of  potassium  and 
sodium  by  direct  union  of  the  elements,  and  by  the  reduction 
of  mixtures  of  the  alkali  carbonates  and  tellurium  dioxide  with 
carbon.  He  describes  these  substances  as  alloys  of  the  metals 
with  tellurium,  stating  that  they  dissolve  in  water  to  deep  red 
solutions  and  when  acidified,  yield  a  gas  resembling  hydrogen 
sulphide. 

Berzelius  prepared  and  identified  hydrogen  telluride.  He 
obtained  red  solutions,  similar  to  those  described  by  Davy,  by 
absorbing  hydrogen  telluride  in  solutions  of  the  fixed  alkalis, 
and  states  that  these  solutions  contain  tellurides  of  the  alkali 
metals  analogous  to  the  alkaline  sulphides.  He  also  states  that 
hydrogen  telluride  precipitates  insoluble  tellurides  of  the  heavy 
metals  from  solutions  of  metallic  salts.  No  analyses  of  these 
tellurides  are  recorded. 

Since  the  time  of  Berzelius,  comparatively  little  work  has 
been  done  upon  tellurides.  The  more  important  contributions 
to  the  knowledge  of  the  subject  are  due  to  Oppenheim,  Mar- 
gottet,  Fabre,  Braimer  and  Hugot.  Berthelot  and  Fabre^  in 
1888  prepared  hydrogen  telluride,  and  the  tellurides  of  the 
alkali  metals  both  in  solution  and  in  the  crystalline  condition. 
No  analyses  of  the  salts  were  published. 

Eleven  years  later,  Hugot^  prepared  the  tellurides  of  sodium 


'Pft«.   Trans.  Roy.  Soc,  27:16.    flSlOV 
'An.   Ch.  Ph..   rei   14:    104.    (1888). 
3C.   R..   129:  299.    (1899). 
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and  potassium  by  the  action  of  tellurium  upon  the  alkali 
ammoniums  in  liquid  ammonia.  They  were  analyzed  and 
the  formulas  RoTe  and  RjTe,  assigned  to  them. 

The  teUurides  of  the  heavy  metals  have  been  prepared  in 
the  dry  way  only,  either  by  direct  union  of  the  elements  in  an 
inert  atmosphere,  or  by  the  reduction  of  the  tellurites.  Mar- 
gottet  prepared  a  number  of  these  compounds,  while  Fabre  re- 
peated and  made  additions  to  his  work  in  the  course  of  a  thermal 
study  of  them. 

The  alkali  tellurides  are  very  unstable,  being  immediately 
decomposed  by  air  contact  with  the  liberation  of  tellurium. 
This  property  makes  it  necessary  that  all  work  with  their  solu- 
tions be  carried  on  in  an  atmosphere  from  which  oxygen  is 
excluded. 

It  is  probable  that  the  instability  of  these  tellurides  accounts 
for  the  lack  of  exact  knowledge  as  to  their  composition  and  their 
reactions  in  the  wet  way. 

Materials 

The  tellurium  used  in  this  work  was  obtained  from  the  Balti- 
more Copper  Rolling  and  Smelting  Company,  having  been  ex- 
tracted from  electrolytic  slimes.  It  contained  small  quantities  of 
copper,  iron,  antimony  and  selenium  as  its  principle  impurities. 

It  was  purified  by  the  following  method:  the  crude  tellurium 
was  dissolved  in  aqua  regia  and  reprecipitated  as  element  from 
hydrochloric  acid  solution  by  addition  of  acid  sodium  sulphite. 
The  precipitated  tellurium  was  fused  at  a  low  red  heat  with 
potassium  cyanide  to  remove  antimony,  the  fusion  was  dissolved 
in  hot  water,  and.  after  filtering,  the  tellurium  precipitated  by 
means  of  a  current  of  air.  The  sulphur  and  selenium  remained 
in  solution.  The  tellurium  so  obtained  was  dissolved  in  nitric 
acid  and  crystallized  twice  from  dilute  nitric  acid  solution  as 
the  basic  nitrate.  The  basic  nitrate  was  ignited  and  fused  to 
the  dioxide,  the  dioxide  dissolved  in  hydrochloric  acid,  and  the 
element  precipitated  by  the  addition  of  acid  sodium  sulphite. 
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The  flocculent  precipitate  was  washed,  filtered  and  dried,  and 
finally  fused  in  an  atmosphere  of  hydrogen. 

The  dioxide  was  pure  white  in  color,  and  yielded  upon  an- 
alysis, by  the  method^  used  throughout  this  work.  79.91%  of 
tellurium. 

Data : 

0.2008  gm.  of  TeO,  gave  0.1604  gm.  Te  =  79.91% 
By  calculation.  Te*  in  TeOo =  79.99% 


«Lenher  and  Homberger.     J.  A.   C.  S..  30:378.    (1908). 

•  The  figure  127.6  has  been  nsed  as  the  atomic  weight  of  tellurium. 
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PART  I 

THE  ALKALINE  TELLURIDES 

Sodium  Telluride 

Davy^  describes  the  alkaline  tellurides  as  alloys  varying  from 
steel  grey  to  copper  color,  stating  that  they  dissolve  in  water 
to  red  solutions  which  are  decomposed  by  the  oxygen  of  the  air 
with  the  precipitation  of  tellurium,  and  by  hydrochloric  acid 
with  the  formation  of  hydrogen  telluride  gas  and  common  salt. 

Berzelius  prepared  them  in  a  similar  manner,  and  also  by 
solution  of  hydrogen  telluride  in  solutions  of  the  caustic  alkalis. 

Bineau^  prepared  the  alkaline  tellurides  by  the  action  of 
tellurium  upon  the  alkali  amalgams. 

Demarcay^  advanced  the  \'iew  that  the  red  color  of  telluride 
solutions  was  due  either  to  the  presence  of  polytellurides  or  to 
subsalts  of  tellurium,  probably  the  latter.  He  gives  no  analyti- 
cal data. 

According  to  Berthelot  and  Fabre.*  hydrogen  telluride,  when 
absorbed  by  solutions  of  the  caustic  alkalis  in  the  entire  absence 
of  air,  gives  colorless  solutions  which  yield  upon  evaporation, 
white  or  colorless  crystalline  tellurides.  No  analyses  of  these 
tellurides  are  recorded.  The  colorless  solutions  are  immediately 
rendered  pink  by  the  presence  of  traces  of  oxygen,  the  color 
deepening  as  the  amount  of  oxygen  is  increased,  tellurium 
finally  separating  out  as  a  black  precipitate. 


^Phil.  Trans.  Roy.  Soc,  27:16.    (1810). 
2-4n.   Ch.   Ph.,    1-]    67:2.32.    (1863). 
^Bul.    Soc.   Chim.,    [2]    40:99.    (1883). 
*An.   Ch.  Ph.,    [6]    14:104.(1888). 
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Hugot^  describes  NagTe  as  a  greyish  white  amorphous 
powder,  soluble  in  water  to  a  colorless  solution  which  immedi- 
ately turns  pink  in  the  presence  of  air.  XaoTe.;  is  described 
as  soluble  in  liquid  ammonia,  separating  from  that  solvent  as 
colorless  crj'stals.  The  potassium  tellurides  are  entirely  similar 
to  those  of  sodium. 

EXPERIMENTAL 

Normal  sodiimi  telluride.  XaoTe.  hycb'ated.  has  been  prepared 
as  a  colorless  substance  beautifully  crystallized,  in  the  following 
manner: 

Experiment  1 

Sodium  and  tellurium  were  united  by  heating  in  an  atmos- 
phere of  hydi'ogen.  The  resulting  mass  was  dissolved  in  water, 
the  solution  filtered  and  evaporated  to  crystallization  in  an  at- 
mosphere of  hydrogen. 

Sodium  and  tellurium  unite  at  abovit  250^0  with  explosive 
violence. 

The  reaction  was  carried  out  in  a  Rose  crucible  placed  inside 
of  a  large  porcelain  crucible  and  heated  by  the  Bunsen  flame. 
Equivalent  proportions  of  sodium  and  tellurium  were  taken  and 
when  the  two  elements  had  united  the  temperature  of  the 
crucible  was  raised  to  expel  any  excess  of  uncombined  sodium 
or  tellurium.  A  fairly  rapid  stream  of  hydrogen  was  passed 
into  the  crucible  throughout  the  experiment,  and  until  the 
crucible  and  its  contents  had  cooled.  The  telluride  thus  pre- 
pared is  bronze  colored,  hard,  and  shows  a  crystalline  fracture. 
It  is  fairly  stable  in  dry  air. 

In  order  to  obtain  a  solution  of  this  telluride  out  of  air  con- 
tact it  was  quickly  transferred  to  the  filtering  vessel  (A)  of 
the  apparatus  shown  in  Plate  I.  This  vessel  had  a  perforated 
bottom  carrying  a  paper  filter.  All  air  in  the  entire  apparatus 
was  displaced  by  hydrogen  from  the  two  generators,  the  gas 


5  C.   R.,   129:  299.    (1899). 
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PLATE   I. 
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leaving  the  apparatus  through  the  mercury  seal  (E;.  The  in- 
lets and  outlets  for  the  gas  were  so  arranged  as  to  allow  of 
perfect  displacement  of  air  by  hydrogen.  The  hydrogen  from 
the  generators  was  passed  through  alkaline  pyrogallic  acid 
solution  (D-D')  to  free  it  from  any  oxygen  that  it  might 
contain. 

When  the  apparatus  was  entirely  freed  of  air,  hot  water 
from  which  dissolved  air  had  been  completely  removed  by  boil- 
ing, was  introduced  into  the  funnel  (B)  from  whence  it  was 
allowed  to  run  into  (A)  where  it  dissolved  the  telluride  from 
the  filter.  The  solution,  which  was  at  first  colored  deep  red, 
was  run  into  the  flask  (G)  by  means  of  the  three-way  stop- 
cock (H)  until  it  was  light  pink  in  color,  when  it  was  allowed 
to  flow  into  the  crystallizing  flask  (C). 

The  solution  was  evaporated  to  small  bulk  by  applying  the 
flame  to  (C).  Hydrogen  was  bubbled  slowly  through  the  solu- 
tion during  the  evaporation  and  passed  off  with  the  steam 
through  the  mercury  seal  at  (E).  From  the  concentrated 
solution  so  obtained,  normal  sodium  telluride  separates  out  upon 
standing  a  few  hours  as  colorless,  needle-like  crystals  often 
half  an  inch  in  length.  These  crystals  are  highly  hydrated 
at  the  ordinary-  temperature  and  dissolve  in  their  own  water  of 
crystallization  at  about  forty  degrees. 

On  accoimt  of  the  extreme  instability  and  the  highly  hydrated 
condition  of  these  crystals,  they  were  analyzed  and  their  com- 
position established  by  determining  their  sodium-tellurium  ratio. 

The  crystals  were  drained  from  the  pink  mother  liquor  by 
disconnecting  the  crystallizing  flask  from  the  filtering  vessel  and 
inverting  it.  It  was  left  thus  for  several  hours,  after  which  a 
rapid  stream  of  hydrogen  was  passed  through  the  flask,  the 
stopper  removed  and  the  crystals  washed  with  cold  water  from 
a  wash  bottle.  "When  the  crystals  were  perfectly  white,  they 
were  transferred  into  a  beaker  and  the  tellurium  and  sodium 
determined. 
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METHOD    OF    ANALYSIS 

The  determmations  of  tellurium  were  made  according  ,to 
the  method  of  Lenher  and  Honiberger'^  as  modified  to  suit  the 
case  in  hand. 

The  solution  of  alkaline  telluride  obtained  as  above  was  boiled 
in  a  Jena  beaker  in  contact  with  air  until  the  telluride  was  de- 
composed as  indicated  by  the  disappearance  of  the  red  color. 
Hydrochloric  acid  was  then  added  to  the  extent  of  ten  per  cent, 
of  the  solution,  followed  by  ten  cubic  centimeters  of  a  saturated 
solution  of  sulphur  dioxide,  ten  cubic  centimeters  of  a  fifteen 
per  cent,  solution  of  hydrazine  hydrochloride,  and  finally, 
twenty-five  cubic  centimeters  of  sulphur  dioxide  solution.  The 
whole  was  boiled  for  five  minutes  and  the  tellurium  brought  on 
a  tared  Gooch  filter,  washed  with  hot  water  and  then  with 
alcohol,  dried  at  100°-105°  and  weighed.  The  tellurium  so 
obtained  appears  as  a  granular  precipitate  which  settles  readily 
and  is  easily  washed. 

The  solution  from  the  tellurium  determination  was  evapor- 
ated in  a  tared  platinum  dish  with  sulphuric  acid,  the  residue 
ignited,  and  weighed  as  sodium  sulphate.  In  several  cases  the 
weight  of  the  sulphate  was  checked  by  determining  the  SO4  as 
barium  sulphate. 

Data: 

Te    0.2200  gm. 

NaoSO^     0.2482  gm.  equivalent  to  Xa 0.0805  gm. 

Ratio   127.6  :  46.6 

Experiment  2 

This  dift'ered  from  experiment  1  in  that  the  tellurium  was 
heated  with  twice  the  quantity  of  sodium.  Large  colorless 
crystals  of  hydrated  NaoTe  were  obtained  on  ciystallization  from 
water. 


•J.  A.   C.  S.,  30:387.    (19081. 
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Data: 

Te    0.1692  gm. 

Na.SO^     0.1893  gm.  equivalent  to  Xa 0.0612  gm. 

Ratio    12T.6  :  46.15 

Experiment  3 

This  was  similar  to  experiment  1  except  that  the  sodium- 
tellurium  fusion  was  heated  more  strongly  and  for  a  longer 
time.    Large  colorless  crystals  of  normal  teUui"ide  were  obtained. 

Data : 

Te    0.8308  gm. 

XaoSO^     0.3669  gm.  equivalent  to  Xa   ...   0.1190  gm. 
Eatio    127.6  :  45.90 

X^ormal  sodium  telluride,  highly  hydrated,  is  formed  in  the 
crystalline  condition  from  aqueous  solution  when  solutions  of 
sodium-tellurium  fusions  are  evaporated  in  the  absence  of  air. 
The  presence  in  the  fusion  of  an  excess  of  sodium  does  not  affect 
the  formation  of  normal  telluride. 

The  red  or  permanganate  color  of  alkaline  telluride  solutions 
has  been  ascribed'  to  the  presence  of  pohi:ellurides  or  solutions 
of  tellurium  in  the  normal  telluride  solution. 

"When  sodium  and  tellurium  are  united  in  an  atmosphere  of 
hydrogen,  and  the  tellurium  is  present  in  large  excess  over 
that  which  would  give  the  normal  telluride,  a  metallic  looking 
crv^stalline  substance  is  formed  which  presents  the  appearsmce 
of  fused  tellurium.     It  is  much  more  brittle  than  the  element. 

This  substance,  when  treated  with  water  in  the  absence  of  air, 
yields  a  dark  red  solution  and  a  residue  of  tellurium.  Upon 
evaporation,  the  solution  yields  crystals  of  the  characteristic 
appearance  of  the  crystals  of  normal  telluride  stained  red  by 
the  dark  colored  mother  liquor.  These  crystals,  on  washing 
with  water,  become  colorless  and  upon  analysis  show  the  com- 
position of  the  normal  telluride. 


'Demarcay,  Bid.  Soc.   Chim.,   [2]    40:99.    (1883V 
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Data: 

Te    0.1599  gm. 

NajSO^     0.1754  gm.  equivalent  to  Na   ...   0.0569  gm. 
Eatio   127.6  :  45.4 

When  a  very  large  excess  of  tellurium  is  used  in  the  prepara- 
tion of  the  telluride,  the  solution  upon  evaporation  and  crystal- 
lization yields  not  only  Na,Te  crystals,  but  crystalline  element- 
ary tellurium  as  well. 

The  mother  liquor  upon  analysis  shows  sodium  and  tellurium 
to  be  present  in  such  a  ratio  as  to  indicate  the  existence  in  so- 
lution of  a  telluride  having  the  composition  Na^TCg,  the'  only 
telluride  other  than  Na^Te  which  has  been  obtained  in  aqueous 
solution.  It  can  not  be  crystallized,  and  upon  evaporation  its 
solution  yields  colorless  cr\'stals  of  ^a^Te  and  crystalline  tellu- 
rium. 

Data: 

Te   0.7681  gm. 

.Na2S04     0.5711  gm.  equivalent  to  Na   ...    0.1854  gm. 
which  corresponds  to  the  formula  Na^Tcg. 

That  normal  sodium  telluride  will  not  dissolve  tellurium  be- 
yond the  point  represented  by  the  formula  Xa^Tcg  has  been 
shown  in  the  following  manner:  Normal  sodium  telluride  was 
prepared  by  the  union  of  equivalent  quantities  of  the  elements, 
dissolved,  and  filtered  into  the  crystallizing  flask  which  contained 
a  large  excess  of  moist,  freshly  precipitated  tellurium.  The  solu- 
tion was  boiled  with  this  tellurium  for  ten  minutes  and  allowed 
to  stand  over  night,  when  the  undissolved  tellurium,  of  which 
a  large  excess  remained,  settled,  leaving  the  supernatant  liquid 
clear.  The  sodium-tellurium  ratio  was  determined  in  this  clear 
solution. 

Data: 

Te    0.2610  gm. 

Na,SO,     0.1889  gm.  equivalent  to  Na   ...   0.0613  gm. 
Corresponding  to  the  formula  Na^TCg. 

[14] 


TIBBALS — A  STUDY  OF  TELLURIDES  431 

It  is  of  interest  to  note  that  the  poh'telluride  Xa,Te3  of 
Hugot^  formed  from  sodammon  and  tellurium  in  liquid  am- 
monia does  not  form  in  aqueous  solution,  and  that  normal  so- 
dium telluride  has  but  a  slight  solvent  action  upon  tellurium  as 
compared  with  the  solubility  of  sulphur  in  sodium  sulphide. 


Potassium  Telluride 

Elementary  tellurium  and  metallic  potassium  combine  vio- 
lently at  250°,  the  union  being  much  more  energetic  than  that 
of  tellurium  and  sodium. 

In  order  to  ascertain  the  temperature  at  which  the  union 
of  potassium  and  tellurium  takes  place,  the  Rose  crucible  in 
which  the  reaction  is  brought  about  was  placed  in  an  asbestos- 
covered  sheet  iron  air  bath.  Heat  was  applied  and  the  tem- 
perature was  taken  at  intervals  of  three  to  five  degrees.  At  253° 
there  was  a  sharp  explosion. 

The  telluride  formed  is  of  a  dark  iridescent  purple  color, 
with  a  metallic  lustre  when  freshly  broken.  It  is  crystalline  in 
structure  and  dissolves  in  water  to  a  puii^le  solution,  which  upon 
evaporation  does  not  yield  crj^stals  but  forms  a  thick  syrupy 
liquid.  From  this  thick  liquid  alcohol  precipitates  small  in- 
distinct crystals.  The  crystals,  after  washing  several  times  by 
decantation  with  alcohol,  were  analyzed. 

As  in  the  case  of  normal  sodium  telluride,  normal  potassium 
telluride  is  formed  whether  the  amount  of  potassium  used  in 
the  preparation  is  equivalent  to  that  required  for  the  normal 
telluride  or  whether  it  is  in  large  excess. 

Aqueous  potassium  telluride  is  even  more  unstable  on  ex- 
posure to  air  than  the  corresponding  sodium  telluride  solution. 
It  was  never  obtained  colorless. 


"C.  R.,  129:299.    (1899). 
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EXPERIMENTAIj 

Experiment  1 


Equivalent  proportions  of  tellurium  and  potassium  corre- 
sponding to  KjTe  were  united.  The  crystals  precipitated  from 
aqueous  solution  by  alcohol  gave  the  following  result: 

Data: 

Te    0.0947  gm. 

K.SO,     0.1273  gm.  equivalent  to  K   0.0571  gm. 

Ratio    127.6  :  76.9 

Experiment  2 

To  the  normal  telluride  formed  in  fusion,  a  large  excess  of 
potassium  was  added  and  the  whole  heated  for  twenty  minutes 
at  a  red  heat.  The  crystals  obtained  as  in  experiment  1  gave 
the  following: 

Data: 

Te    0.1040  gm. 

K.SO,     0.1451  gm.  equivalent  to  K   0.0652  gm. 

Ratio    127.6  :  80.00 
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PART  II 


TELLURIDES  OF  THE  HEAVY  METALS 

A  number  of  metallic  tellurid.es  have  been  obtained  by  double 
decomposition  between  metallic  salts  and  sodium  telluride  in 
aqueous  solution.  When  normal  sodium  telluride  is  employed, 
normal  tellurides  either  hydrated  or  anhydrous  are  formed. 
The  dark  red  solution  of  the  polytelluride  Xa^Tcg,  on  the  other 
hand,  precipitates  metallic  tellurides  of  jcorresponding  com- 
position. 

In  the  preparation  of  the  metallic  teUurides  the  same  appar- 
atus was  employed  as  in  the  preparation  of  the  alkaline  tellu- 
rides. modified  somewhat  to  suit  the  changed  conditions. 

A  wide-mouthed  Erlenmeyer  flask  of  400  cc.  capacity  was 
substituted  for  the  100  cc.  crystallizing  flask  shown  in  Plate  I. 
This  flask  contained  the  freshly  boiled  solution  of  the  metallic 
salt.  Sodium  telluride  solution  was  prepared  in  the  usual  way 
and  introduced  into  the  precipitating  flask. 

The  tellurides  of  the  heavy-  metals  are  thrown  down  as  heavy 
amorphous  precipitates  which  are  granular  and  settle  readily. 

The  solutions  of  the  metals  employed  must  be  of  such  character 
as  would  dissolve  any  metallic  hydrate  formed  by  traces  of 
sodium  hydroxide  in  the  teUuride  solution,  but  which,  on  the 
other  hand,  would  be  without  action  upon  the  teUuride  after  it 
is  precipitated.  For  the  most  part,  solutions  of  metallic  acetates 
acid  with  acetic  acid  were  found  to  be  best. 

On  account  of  the  ready  oxidation  of  some  of  the  teUuridea 
when  in  the  moist  condition,  it  was  necessary  to  wash,  filter 
and  dry  the  precipitates  out  of  air  contact.  This  was  accom- 
plished as  follows:  the  precipitated  telluride  was  allowed  to 
settle  and  the  supernatant  liquid,  which  always  contained  an 
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excess  of  metallic  salt,  was  transferred  into  a  filtering  flask,  and 
the  precipitate  washed  by  decantation  with,  hot,  freshly-boiled 
water  until  free  from  dissolved  salt.  The  precipitate  was  then 
filtered  by  means  of  a  Gooch  filter  in  hydrogen,  dried  as  far  as 
possible  by  suction,  and  further  dried  by  passing  over  it  a  cur- 
rent of  hot  hydrogen,  after  which  it  was  transferred  to  a  vac- 


■— <^c 


A 

Filter 

B 

5o  ution 

C 

Hydrogen 

D 

Suction 

Fig.  1. 
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uimi  dessicator  containing  phosphorus  pentoxide.  When  dry, 
the  tellurides  are  stable  in  the  air.  Even  with  the  great  pre- 
cautions taken  in  the  preparation  of  the  tellurides,  it  was  in 
some  cases  almost  impossible  to  prevent  small  quantities  of  tel- 
lurium from  contaminating  the  precipitates. 

The  apparatus  for  filtering  and  drying  in  hydrogen  is  shown 
in  detail  in  Fig.  1. 

Telluride  of  Zinc 

Margottet^  describes  this  substance  as  an  amorphous  grey 
powder  obtained  by  direct  union  of  the  elements  in  an  atmos- 
phere of  hydrogen.  It  is  described  as  being  decomposable  by 
dilute  hydrochloric  acid  with  the  evolution  of  hydrogen  tellu- 
ride. 

When  sodium  telluride  comes  in  contact  with  a  solution  of 
zinc  acetate,  acid  with  acetic  acid,  a  hea\y  yellow-bro\vn  pre- 
cipitate is  formed.  This  telluride,  when  moist,  is  readily  oxidized 
by  the  oxygen  of  the  air  with  the  separation  of  tellurium,  aa 
indicated  by  rapid  darkening  of  the  precipitate  when  in  con- 
tact with  air.  Dilute  acids  decompose  it  with  the  evolution  of 
hydrogen  telluride. 

The  dry  telluride  is  of  a  brown  color.  It  is  decomposed 
by  dilute  hydrochloric  acid  yielding  hydrogen  telluride  and  is 
readily  oxidized  by  nitric  acid.  Dilute  sulphuric  acid  has  no 
action  upon  it. 

Its  composition  is  represented  by  the  formula  ZnTe.  11,0. 

Data: 

0.2336  gm.  substance  gave  0.225  gm.  HoO.  0.1391  gm.  Te,  and 
0.0708  gm.  Zn. 

For  ZnTe.  HgO                                    Found  Calculated 

Zn    30.32%  31.0070 

Te    59.48  60.47 

H,0    9.63  8.53 


99.43  100.00 


>  These  de  Parit.,  (1879). 
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Auhydroiis  zinc  telluride  obtained  by  heating  ZnTe.  H.O  out 
of  air  contact,  is  of  a  dark  dull  red  color.  Its  deportment  toward 
reagents  is  entirely  similar  to  that  of  the  hydrated  compound. 

Telluride  of  Cadmium 

Cadmium  telluride,  CdTe.  has  been  obtained  by  direct  union 
of  the  elements  in  an  inert  atmosphere^  and  by  the  reduction 
of  the  tellurite  at  a  red  heat  in  hydrogen;' 

When  precipitated  by  sodium  telluride  in  a  manner  entirely 
similar  to  that  for  the  preparation  of  2dne  telluride,  CdTe  ap- 
pears as  a  heavy,  maroon-colored  precipitate,  which  is  almost 
black  when  dry.  This  telluride  is  quite  stable  with  respect 
to  dilute  acids,  nitric  acid  alone  attacking  it  in  the  cold.  When 
moist  it  is  readily  oxidized  by  the  air. 

Data: 

0.3771  gm.  substance  gave  0.0114  gm.  HoO,  0.1665  gm.  sub- 
stance gave  0.0883  gm.  Te  and  0.0732  gm.  Cd. 

For  CdTe                                                 Found  Calculated 

Te  53.05^0  53.02% 

Cd 43.97  46.98 

H„0    3.02  00.00 


100.04  100.00 

Telluride  op  Cobalt 

CoTe  was  prepared  first  by  Margottet*  and  later  by  Fabre,* 
by  direct  union  of  the  elements  in  an  inert  atmosphere.  It  is 
described  as  a  grey  crystalline  substance  of  metallic  lustre,  quite 
indifferent  to  acids  other  than  nitric. 

When  sodium  telluride  solution  acts  upon  solutions  of  cobalt 
acetate  acidulated  with  acetic  acid,  a  heavy  black  precipitate  is 


*Margottet,  Loc.  cit. 

•Oppenhelm,  J.  Pr.  Ch.,  71:226.    (1857). 

*  Loc.  cit. 

'  Loc.  cit. 
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formed  -which  upon  analysis  shows  the  composition  Co^Tea, 
■iH.O  forresponding  to  the  telluride  of  sodium  Na^TCj.  Acids 
other  than  nitric  have  no  action  upon  it  in  the  cold. 

Data: 

0.1637  gm.  substance  gave  0.1100  gm.   Te,  and  0.0334  gm. 
Co.  0.1540  gm.  substance  gave  0.0196  gm.  H2O. 
For  Co.Te,.  4H,0 

Te   67.19%  67.00% 

Co  20.40  20.42 

H2O    12.72  12.58 


100.31  100.00 

"When  heated  in  an  atmosphere  of  hydrogen.  Co^TCg.  4HoO 
loses  -water  at  about  200".  and  at  a  red  heat,  tellurium.  If  the 
heating  is  continued  imtil  the  weight  of  substance  is  constant, 
the  residue  consists  of  the  normal  telluride  CoTe.  which  is 
entirely  similar  to  the  compound  described  by  Margottet  and 
by  Fabre. 

Data: 

0.1540  gm.  substance  gave  at  constant  weight,  0.1001  gm. 
of  residue. 

In  CooTcg.  4H„0 

CoTe 65.00%  65.14% 

Telluride  of  Nickel 

The  telluride  Xi^Te,.  melonite.  is  found  in  nature. 

XiTe  was  prepared  by  ^Margottet  and  by  Fabre.  and  is  de- 
scribed by  them  as  possessing  properties  entirely  similar  to 
those  of  the  corresponding  cobalt  compound. 

Sodium  telluride  precipitates  from  acetic  acid  solutions  of 
nickel  acetate.  XioTe,.  -iR^O.  which  is  not  acted  upon  by  cold 
hydrochloric  or  sulphuric  acid,  but  is  readily  oxidized  by  nitric 
acid. 

"When  heated  in  an  atmosphere  of  hydrogen,  XioTe.,.     4HoO 
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loses  water   and   tellurium   until   the  composition   NiTe   is   at- 
tained, when  it  remains  constant. 

Data: 

0.1505   gm.   substance  gave  0.1020  gm.   Te   and   0.0300   gm. 
Ni.     0.1595  gm.  substance  gave  0.0196  gm.  HgO. 
For  NioTeg.  4H2O 

Te  67.77%  67.07% 

Ni   19.93  20.35 

HoO   12.28  12.58 


99.98  100.00 

Tellubide  op  Lead 

Lead  and  tellurium  are  found  combined  in  nature  as  the 
mineral  altaite. 

Lead  telluride  is  described  by  Margottet®  as  a  stable  alloy 
formed  by  direct  union  of  the  elements  in  an  inert  atmosphere. 
Jay  and  Gilson^  have  studied  the  properties  of  the  alloys  of 
lead  and  tellurium. 

When  sodium  polytelluride  solution  comes  in  contact  with  a 
solution  of  lead  acetate  acid  with  acetic  acid,  a  heavy  black 
precipitate  is  formed  whose  composition  is  represented  by  the 
formula  PboTe.3.  iHnO.  It  is  not  attacked  by  hydrochloric  or 
sulphuric  acids.     Nitric  acid  rapidly  oxdi^es  it. 

Data: 

0.1289  gm.  substance  gave  0.0910  gm.  PbSO,  or  0.0621  gm. 
Pb.  and  0.05161  gm.  Te.  0.2154  gm.  substance  gave  0.0166  gm. 
H,0. 
For  Pb^Te,.  4H,0 

Te 43.74%  44.06% 

Pb  48.21  47.65 

H,0    7.70  8.29 


99.65  100.00 


"  hoc.  cit. 

■>  Am.  Chem.  Jour.,  27:81.    (1902). 
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When  PbaTcg  is  heated  in  an  atmosphere  of  hydrogen,  it 
loses  water,  then  fuses,  and  as  the  heat  is  increased,  tellurium 
volatilizes  leaving  crystalline  PbTe. 

Data: 

0.2156  gm.  PboTej.  4H2O  gave  at  constant  weight,  0.1694  gm. 
PbTe. 

In  PbaTcg.  4H2O 

PbTe  78.57%  78.03% 

Telluride  op  Silver 

Silver  telluride  occurs  in  nature  as  the  mineral  hessite.  It 
was  synthesized  first  by  Rose.^  Later  ]\Iargottet  prepared  it 
by  direct  union  of  the  elements,  and  Brauner®  prepared  it  also 
by  direct  union  and  by  the  reduction  of  the  tellurite.  Hall  and 
Lenher^"  have  shown  that  tellurium  acts  upon  silver  salts  in 
solution  with  formation  of  AggTe. 

Sodium  telluride  solution  precipitates  AgaTe  from  silver 
acetate  solution  in  the  presence  of  acetic  acid,  as  a  dark 
brown  or  black  flocculent  precipitate.  It  is  perfectly  stable 
in  the  air,  even  in  the  moist  condition  and  is  not  acted  upon  by 
cold  acids  other  than  nitric. 

Data : 

0.1072  gm.  substance  gave  0.0880  gm.  AgCl  or  0.0662  gm. 
Ag,  and  0.0386  gm.  Te. 

For  AggTe  Found  Calculated 

Te   36.04%  37.13% 

Ag , 61.78%;  62.87 

HoO  By  difference 

Tellurides  of  Copper 

Copper  and  tellurium  occur  in  nature  combined  as  the  min- 
eral rickardite.  Cu4Te3. 


spofiTfif.  An.,  18:64.   (1830). 

»J-.   Ohem.   Soc,  55:398.    (1889). 

"J.  A.   C.   8..  24:918.    (1902). 
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Copper  telluride,  Cu^Te,  Avas  prepared  by  Margottet  by 
direct  union  and  further  studied  by  Fabre.  Parkman'^^  has 
shown  that  when  elementary  tellurium  remains  for  some  time 
in  contact  with  solutions  of  copper  salts,  the  tellurides  CuTe 
and  CuoTcg  are  formed  according  to  the  conditions  of  the 
experiment. 

When  sodium  telluride  reacts  with  copper  acetate  solution  in 
the  presence  of  acetic  acid,  the  normal  telluride.  CuTe,  is 
formed  as  a  heavy  black  precipitate.  This  substance  is  stable 
in  the  air  either  moist  or  dry,  and  is  not  decomposed  by  dilute 
acids  other  than  nitric.  Hot  concentrated  hydrochloric  acid 
decomposes  it  slowly  in  the  presence  of  the  air,  with  the  forma- 
tion of  cupric  chloride  and  tellurium. 

The  analysis  of  the  tellurides  of  copper  at  first  presented 
great  difficulties  due  to  the  tendency  that  both  show  of  pre- 
cipitating together. 

The  author  has  found  that  acid  solutions  of  potassium  dichro- 
mate  oxidize  elementary  tellurium  to  telluric  acid,  from  which 
solution  hydrogen  sulphide  precipitates  but  a  trace  of  tellurium. 
The  copper  telluride  was  boiled  with  an  acid  potassium  dichro- 
mate  solution  until  completely  dissolved,  the  solution  cooled, 
and  saturated  with  hydrogen  sulphide.  The  precipitated  cop- 
per sulphide  was  digested  with  dilute  nitric  acid  and  the  copper 
precipitated  electrolytically.  a  very  low  current  density^^  being 
employed  to  keep  the  trace  of  tellurium  present  from  being 
deposited  with  the  copper. 

Data: 

(1.)   0.1644  gm.  substance  gave  0.0548  gm.  Cu. 

(2.)   0.1092  gm.  substance  gave  0.0365  gm.  Cu. 

For  CuTe  Found  Calculated 

Cu (1)  33.33  (2)  33.42%  33.26% 

Te    66.74 


100.00 


"Aw.  Jour.  ScL,  [2],  33:328.   (1862). 

"E.  F.  Smith's  Electro  Analiisis.   (4th  Ed.),  199. 
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"When  copper  acetate  solutions  are  brought  in  contact  with 
sodium  polvtelluride.  anhydrous  CuoTcg  is  formed. 

Data: 

0.1731  gm.  substance  gave  0.0411  gm.  Cu. 

For  CuaTes  Found  Calculated 

Cu 22>.1^%  24.90% 

Te    75.10 


100.00 


Mercuric  Telluridb 

This  substance  occurs  in  nature  as  the  mineral  triemanite. 
Klaproth^^  in  his  first  study  of  tellurium  noted  the  ease  with 
which  it  combined  with  mercury,  and  Margottet"  mentions  the 
preparation  of  mercuric  telluride.  The  combination  of  the  two 
elements  is  described  as  being  very  indefinite,  mercury  being 
readily  distilled  away  from  the  tellurium  by  heat  in  an  inert 
atmosphere. 

Sodium  telluride  solution  precipitates  from  mercuric  chloride 
solution,  a  grey  substance  which  changes  first  to  a  yellow  and 
then  to  a  red  color,  and  finally  to  a  homogeneous  light  brown. 
This  final  product  is  mercurous  chloride,  and  tellurium  is  found 
to  be  dissolved  in  the  solution.  Mercuric  telluride  is  probably 
formed  at  first,  but  subsequently  reacts  with  the  excess  of  mer- 
curic chloride  reducing  it  to  mercurous  chloride  with  the  for- 
mation of  tellurium  chloride. 

Telluride  of  Bismuth 

Bismuth  telluride  occurs  in  nature  as  the  mineral  tetradymite. 
When  the  two  elements  are  heated  together  they  form  various 
alloys  which  have  been  studied  by  Gutbier.^^ 

Hvdrated  telluride  is  formed  when  sodium  telluride  reacts 


^^  An.   Ch..  25:276.    (1798). 

"  Loc.  at. 

^^Zeit.  Anorg.   Chem.,  31:.S31.    (1902>. 
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with  a  solution  of  bismuth  acetate.  This  telluride  is  unaffected 
by  hydrochloric  acid  or  sulphuric  acid  in  the  cold,  but  is  de- 
composed by  both  when  heated  in  the  presence  of  the  air.  Nitric 
acid  readily  oxidizes  it.  When  heated  in  hydrogen,  the  water 
is  first  expelled,  then  the  telluride  fuses  and  loses  both  tellurium 
and  bismuth. 

Telluride  of  Manganese 

When  sodium  telluride  acts  upon  manganous  acetate  in  the 
presence  of  acetic  acid,  a  light  brown  precipitate  is  first  formed 
which  rapidly  changes  to  a  dark  green.  If  the  acetic  acid  be 
in  excess  or  the  solution  hot,  the  telluride  is  decomposed  with  the 
formation  of  hydrogen  telluride  which  itself  decomposes  and  de- 
posits tellurium  upon  the  walls  of  the  vessel  above  the  solution. 
The  dark  green  precipitate  is  immediately  blackened  by  exposure 
to  air  and  dilute  acids  decompose  it  very  readily  with  liberation 
of  H,Te. 

Telluride  of  Arsenic 

The  tellurides  AsTe",  AsoTCg^"  and  AsgTeg^^  have  been  pre- 
pared by  direct  union  of  the  elements. 

Sodium  telluride  precipitates  from  aqueous  solution  of  arse- 
nious  oxide  a  telluride  of  arsenic  contaminated  vsdth  tellurium. 
This  substance  is  brown  in  color. 

Arsenic  telluride  was  allowed  to  stand  for  several  hours  in 
contact  with  a  strong  solution  of  sodium  polytelluride.  The 
solution  after  filtration  was  dark  brown  in  color  and  careful 
examination  revealed  the  presence  of  both  arsenic  and  tellurium 
in  the  solution.  This  would  seem  to  indicate  the  existence  of 
telluro  compounds  analogous  to  the  sulpho  salts. 

Telluride  of  Gold 

Telluride  of  gold  was  prepared  first  by  Berzelius  and  then 
by  Brauner^*  by  direct  union  in  proper  proportions. 


"Oppenheim,  J.  Pra.  Gh.,  71:278.   (1857). 
"Szarvassi  and  Massinger,  Ber..  .30:1343.   (1897). 
"J.  Ghem.  Soc,  55:389.   (1889). 
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The  naturally  occurring  tellurides  of  gold  are  sylvanite, 
calaverite,  krennerite  and  petzite.  According  to  Lenher,"  these 
substances  can  scarcely  be  regarded  as  true  chemical  compoimds, 
for  he  has  found  that  these  substances  react  with  gold  solutions 
precipitating  gold  in  a  manner  entirely  similar  to  that  of  ele- 
mentary tellurium. 2"  The  alloys  or  tellurides  formed  by  direct 
union  act  similarly. 

It  has  been  found  by  the  author  that  sodium  telluride  precip- 
itates gold  and  tellurium  from  solutions  of  sodium  sulphaurate, 
but  the  substances  formed  do  not  appear  to  be  of  constant  com- 
position. 

"When  sodium  telluride  reacts  with  an  excess  of  neutral  auric 
chloride  solution,  a  precipitate  of  metallic  gold  is  formed  which 
contains  no  tellurium.  This  may  be  due  to  one  of  two  reactions, 
viz. :  a  telluride  of  gold  may  be  formed  which  at  once  reacts 
with  the  excess  of  auric  chloride  reducing  it  in  a  manner  similar 
to  the  action  of  the  natural  tellurides;  or  the  sodium  telluride 
may  act  simply  as  a  reducing  agent  toward  the  auric  chloride 
according  to  the  equation  2  AuCis  +  Xa^Te  =  2  NaCl  + 
TeCl^  +  2  Au. 


Telluride  of  Platinum. 

According  to  Rossler,^^  equivalent  proportions  of  platinum 
and  tellurium  unite  explosively  at  elevated  temperatures  form- 
ing PtTCs-  "When  this  substance  is  fused.  PtTe  may  be  cr^^s- 
tallized  from  it.  It  has  been  shown  by  Fischer--  that  elementary 
teUurTum  acts  as  a  reducing  agent  toward  platinum  solutions. 

Sodium  telluride  solution,  acting  upon  a  solution  containing 
platinum  tetrachloride  in  excess,  produces  a  heav;^'  black  pre- 
cipitate, which  is  composed  entirely  of  platinum.  The  tellurium 
is  found  in  the  solution.  The  reaction  may  be  expressed  by  the 
equation.  2  Xa,Te -f    3   PtCP  =  4  XaCl  +  2   TeCl, -f  3  Pt. 


''./.  A.  C.  S  .  24:35.5.   (1902). 
2"  Hall  and  Lenher.  ./.   C.   .?,.  24:018.    ri902). 
^Zeit.  Anorg.  Chem.,  15:405.    (1897). 
^Pogg.  An.,  12:502.    (1828). 
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TEiiLURiDB  OP  Iron 

Ferrous  telluride  was  prepared  by  Margottet^  and  also  by 
Fabre,^*  by  the  direct  union  of  the  elements  in  an  inert  atmos- 
phere. 

When  sodium  teUuride  acts  upon  a  solution  of  ferric  chlo- 
ride acid  with  acetic  acid,  a  black  precipitate  is  formed  which  is 
composed  entirely  of  tellurium.  The  iron  is  reduced  to  the 
ferrous  condition  and  the  solution  contains  a  large  amount  of 
tellurium  as  the  tetrachloride.  This  is  in  accord  with  the  fact 
established  by  Lenher^'*  that  tellurium  is  soluble  in  ferric  chlo- 
ride forming  ferrous  chloride  and  tellurium  tetrachloride. 

Tellubide  of  Palladium 

Fischer^^  has  shown  that  tellurium  acts  as  a  reducing  agent 
toward  palladium  solutions  in  a  manner  analogous  to  its  action 
upon  silver,  gold  and  platinum  solutions. 

Sodium  telluride  precipitates  from  sodium  palladous  chloride 
solution  a  very  finely  divided  black  precipitate  of  palladous 
telluride.  This  substance  is  not  acted  upon  by  hydrochloric  or 
sulphuric  acids  in  the  cold,  but  is  oxidized  by  nitric  acid  and 
very  readily  dissolved  by  aqua  regia. 


"When  sodium  telluride  reacts  with  ammonium  molybdate  or 
sodium  tungstate,  dark,  strongly  colored  solutions  are  formed 
which  are  quite  stable  in  the  air.  With  these  solutions  hydro- 
chloric acid  yields  black  flocculent  precipitates  which  contain 
tellurium  and  either  molybdenum  or  tungsten  as  the  case  may 
be.  Here  we  have  further  evidence  of  the  existence  of  telluro 
salts. 


^Loc.  cit. 

^  Loc.   cit. 

«^.  A.  C.  8.,  30:744.   (1908). 

^^Pogg.  An.,  12:502.    (1S2S). 
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SUMIIARY 

1.  Sodiiun  telluride,  Na^Te.  is  a  colorless  crystalline  salt  and 
is  highly  hydrated. 

2.  Tellurium  dissolves  in  sodium  telluride  solution  with  the 
formation  of  Na4Te3.  Beyond  the  proportions  represented  by 
Na4Te3,  tellurium  is  not  soluble  in  sodium  telluride.  Na4Te3 
does  not  crystallize  as  such,  but  breaks  down  upon  evaporation 
into  NaoTe  and  tellurium. 

3.  Potassium  telluride.  KjTe,  does  not  crystallize  from  aqueous 
solution,  but  is  precipitated  from  strong  solution  by  alcohol. 

4.  Telluride  of  zinc  is  yellow  when  freshly  precipitated  and 
brown  when  dry.  Its  composition  is  ZnTe.  HoO.  The  an- 
hydrous telluride  is  dark  red  in  color. 

5.  Cadmium  telluride.  CdTe.  is  precipitated  as  a  maroon 
colored  substance,  almost  black  when  dry. 

6.  Xiekel  forms  a  telluride  of  the  composition  NioTcg.  4  H2O, 
black.     When  heated  in  hydrogen  it  yields  NiTe. 

7.  Cobalt  forms  a  telluride  of  analogous  composition  and 
similar  properties  to  that  of  nickel. 

8.  Lead  forms  the  telluride  PboTe,.  4  HoO  which  is  decom- 
posed by  heat  into  PbTe.  water  and  tellurium. 

O.AgaTe  is  precipitated  by  sodium  telluride  from  silver 
acetate  solutions. 
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10.  Copper  forms  the  two  tellurides  CuTe  and  CugTeg  by 
precipitation  with  Xa^Te  and  Na^Tcg  respectively. 

11.  A  telluride  of  arsenic  is  formed  by  precipitation,  and  is 

soluble  in  excess  of  Na4Te3  solution.       This  indicates  the  ex- 
istence of  a  telluro  salt  of  arsenic  analogous  to  the  sulpho  salts. 

12.  ]\Iercuric  telluride  is  precipitated  from  mercuric  chloride 
solution,  but  reacts  rapidly  with  excess  of  mercuric  chloride 
forming  mercurous  chloride  and  tellurium  chloride. 

13.  Sodium  telluride  precipitates  gold  from  auric  chloride 
solution  and  platinum  from  platinic  chloride  solution,  the  tel- 
lurium dissolving  as  the  tetrachloride. 

14.  By  the  action  of  sodium  telluride  upon  ammonium  molyb- 
date  and  upon  sodium  tungstate  we  have  indications  of  the 
existence  of  telluro  salts. 


The  author  desires  in  closing  to  make  grateful  acknowledg- 
ment to  Professor  Victor  Lenher,  under  whose  guidance  and 
inspiration  this  work  has  been  carried  out. 
The  University  of  Wisconsin, 
chemical  laboratory. 
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HISTORICAL 


Berzelius  Avas  the  first  to  make  a  study  of  the  tellurites.  His 
first  presentation  of  the  subject  was  in  the  form  of  a  paper 
which  he  read  before  the  Royal  Swedish  Academy  of  Science  in 
1832.  This  paper,  however,  was  not  published  in  the  reports  of 
the  society  for  that  year,  because  of  a  lack  of  space.  Instead, 
there  appeared  in  Berzelius'  Jahreshcricht  for  1833,^  a  brief  ar- 
ticle describing-  tellurous  acid,  and  containing  a  few  general 
statements  regarding  its  salts.-  In  the  following  year  the  re- 
ports of  the  Swedish  Academy"  contained  an  article  by  Berze- 
lius which  dealt  in  a  systematic  way  with  tellurium,  the  tellu- 
rides,  tellurates,  tellurites,  and  some  salts  of  tellurium  in  which 
this  element  played  the  part  of  a  base.  On  account  of  the  scope 
of  this  paper  it  necessarily  had  to  treat  any  particular  part  of 
the  subject  very  briefly. 

In  this  article.  Berzelius  notes  that  tellurium  dioxide  is  a 
very  weak  acid,  and  that  it  is  quite  ea.sily  displaced  from  its 
salts  by  carbon  dioxide  of  the  air.  The  alkaline  tellurites  are 
soluble,  the  alkaline  earth  tellurites  are  slightly  soluble,  while 
the  rest  are  insoluble  as  a  rule.  Furthermore,  he  finds  that  tel- 
lurous acid  forms  salts  of  different  degrees  "of  saturation,  cor- 
responding tc  the  normal,  di-  and  quadri-  or  tetratellurites.  All 
of  these  are  quite  easily  fusible,  particularly  the  di-  and  tetra- 
tellurites, and  the  latter  after  being  fused  form  clear  colorless 
glasses. 


'  13:  96. 

2  See   also   Pogg.,   28:   .396,   -1833. 

'  KotifjHga  Svenska   Vetenskaps  Akademiens  Handlingar,  18."..3,  p.  277;  Pogg., 
32:  1-.-J77.  -1834.   and  Ann.  de  Ch.   et  de  Phys.    (2)   58:  225,  -1835. 
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Berzelius  prepared  the  alkaline  tellurites  by  fusing  together 
tellurium  dioxide  and  sodium  or  potassium  carbonate.  When 
the  carbonate  was  used  in  excess,  the  tellurium  dioxide  displaced 
carbon  dioxide,  molecule  for  molecule,  forming  a  normal  tel- 
lurite. He  gives  fairly  detailed  accounts  of  the  alkaline  and  al- 
kaline earth  tellurites,  but  in  the  case  of  the  tellurites  of  the 
other  metals  he  practically  confines  himself  to  a  brief  descrip- 
tion of  the  precipitates  which  are  formed  when  solutions  of  the 
metallic  salts  are  treated  with  a  solution  of  an  alkaline  tellurite. 
Very  few  analyses  are  published  in  this  paper. 

In  his  LeJirhuch  der  Chemie  (1847).  Berzelius  devotes  only 
a  very  little  space  to  the  discussion  of  the  tellurites,  and  gives 
no  new  information. 

In  1857,  Oppenheim^  described  a  precipitate  which  he  ob- 
tained by  adding  to  a  cadmium  solution,  a  solution  of  sodium 
tellurite.     He  published  no  analysis. 

In  1885,  Klein  and  MoreP  stated  that,  while  trying  to  prepare 
the  double  oxalate  of  potassium  and  tellurium  by  treating  po- 
tassium tellurite  with  oxalic  acid,  they  obtained  a  white  amor- 
phous powder  whose  composition  approximated  KoO,  6TeOo, 
2H2O. 

In  1890,  Dana  and  "Wells®  published  a  description  and  an 
analysis  of  a  mineral  which  had  been  found  in  Honduras,  and 
which  appeared  to  be  a  feme  tellurite.  They  called  this  min- 
eral Durdenite.  To  this  article  is  appended  a  note  by  Hille- 
brand  on  the  mineral  Emmonsite.  which  is  another  ferric  tellu- 
rite. 

In  an  article  published  by  Whitehead"  in  1895  we  find  the 
statement  that  when  ammonium  chloride  is  added  to  a  solution 
of  sodium  tellurite,  tellurium  dioxide  is  precipitated. 


*Jr.  Pral-.  Chem.,  71:  266.  -1857. 
'■  Conpt.    Rend.,   lOO:    1140,  -1885. 
•Am.  Jr.  Sc,   (3)   40:  78,  -1890. 
■Jr.   Am.   Chem.  Soc,   17:   849.  -1895 


[6] 


WOLESEXSKl'— A    STUDY    OF    THE    METALLIC    TELLIUITKS      4.53 


IXTRODICTIOX 

In  the  work  described  in  the  following  pages,  the  tellurites 
of  the  following-  were  studied:  potassium,  sodium,  silver,  barium, 
magnesium,  cadmium,  nickel,  cobalt,  manganese,  lead,  and 
ammonium.  In  addition  to  the  normal  tellurites,  the  di-  and 
tetratellurites  of  the  alkali  metals  were  also  studied.  The  nor- 
mal and  ditellurites  of  potassium  and  sodium  wen^  i)repared  by 
fusing-  tellurium  dioxide  vnth  the  theoretical  quantities  of  the 
alkali  carbonates.  The  tetratellurite.^  of  potassium  and  sodium 
were  obtained  by  the  decomposition  of  the  corresponding  di- 
tellurites with  water.  The  tellurites  of  the  other  metals  were 
prepared  by  precipitation  from  solutions  of  their  salts  (usually 
the  chlorides)  by  means  of  sodium  tellurite. 

The  tellurium  dioxide  used  in  this  work  was  prepared  in  the 
following  manner.  Ordinary  comincrcial  tellurium  was  dis- 
solved in  aqua  regia.  and  the  solution  evaporated  tn  dryness. 
After  heating  to  expel  all  of  the  nitric  acid,  the  residue  was 
redissolved  m  hydrochloric  acid  and  treated  with  a  saturated 
solution  of  sodium  bisulphite.  The  impure  tellurium  thus  ob- 
tained was  fused  with  an  excess  of  potassium  cyanide.  The 
fused  mass  was  pulverized  and  extracted  with  boiling  water. 
The  tellurium  together  with  selenium  and  sulphur  which  might 
have  been  present,  were  dissolved  in  the  form  of  potassium  tel- 
luride  and  potassium  seleno-  and  sulphocyanates,  and  passed 
through  the  filter.  The  residue  invariably  remaining  on  the 
filter  was  again  fused  with  potassium  cyanide  and  treated  as 
before. 

Air  was  then  bubbled  through  the  solutiou.  The  potassium 
telluride  was  oxidized,  liberating  telluriiun.  while  the  seleno- 
and  sulpho-cyanates  were  unaffected.  In  this  way  the  tellurium 
was  separated  from  selenium  and  sulphur.  The  precipitated 
tellurium,  after  filtering  and  washing,  was  dissolved  in  dilute 
ritric  acid  and  recrystallized  from  this  solution  as  the  basic  ni- 
trate. Finally  this  nitrate  was  heated  strongly  in  a  platinum 
crucible,  and  tellurium  dioxide  obtained.  The  dioxide  was  then 
fused,  to  insure  complete  removal  of  oxides  of  nitrogen.  The 
product  was  perfectly  white. 
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METHODS  OF  ANALfYSIS 

111  the  analysis  of  the  tellurites  studied,  the  followiug  methods 
were  used.  Water  was  usually  determined  by  loss  of  weight  on 
heating.  In  some  cases  a  temperature  of  450^  was  necessary 
for  the  complete  dehydration  of  the  substance,  but  in  such  cases 
it  was  not  necessary  to  continue  the  heating  for  more  than  fif- 
teen minutes.  In  the  case  of  the  alkaline  tellurites,  on  a^jcount 
of  the  oxidation  of  these  salts  on  heating  in  the  air,  it  was 
also  deemed  advisable  to  weigh  the  water  directly,  after  first 
absorbing  in  sulphuric  acid.  This  will  be  further  discussed 
later. 

The  tellurium  and  basic  element  were  then  separated  by  one 
of  the  following  general  methods.  (1)  Volatilization  of  the 
tellurium  in  a  stream  of  hydrochloric  acid  gas.  This  method 
was  devised  by  Lenher  and  afterward  used  by  Hutchins*  in  the 
analysis  of  a  number  of  tell  urates.  (2)  Precipitation  of  the 
tellurium  in  presence  of  the  other  metal,  by  means  of  sulphur 
dioxide  and  hydrazine  hydrochloride,''  and  the  subsequent 
determination  of  the  base  in  the  filtrate  by  one  of  the  usual 
methods. 

The  first  of  these  methods  is  not  applicable  to  the  tellui'ites  of 
those  metals  whose  chlorides  are  appreciably  volatile  below  500°. 
It  was  used  in  the  analysis  of  the  potassium,  sodium,  silver  and 
lead  salts.  A  weighed  amount  of  the  substance  to  be  analyzed 
was  placed  in  a  porcelain  boat  and  heated  in  a  combustion  tube 
in  a  current  of  hydrochloric  acid  gas.  That  part  of  the  tube 
which  contained  the  boat,  was  surrounded  by  a  sheet  iron  jacket, 
leaving  an  air  space  of  about  one  inch  between  the  jacket  and 
the  glass  tube.  The  object  of  this  arrangement  was  to  make 
the  heating  more  uniform.  The  tellurium  was  volatilized  as 
TeOo.  2HC1.  The  greater  portion  of  the  tellurium  was  con- 
densed in  the  cooler  part  of  the  tube.  The  excess  of  the  hydro- 
chloric   acid,    together   with    a   little   tellurium  was    absorbed 


Jr.  Am.   Chem.  Soc,    27:  ll.'?.  -1905. 

Lenher   and   Homberger,   Jr.    .\>ii.    Chem.    Soc,  30:   .3ST,   -1908. 
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in  a  Drechsel  Avash  bottle  containing  Avater.  In  the  earlier  ex- 
periments, two  wash  bottles  in  series  were  used,  but  later  it  was 
found  that  one  is  all  that  is  necessary  for  most  experiments. 

The  chloride  remaining;  in  the  boat  was  weighed  and  calcu- 
lated as  metal.  The  tellurium  sublimate  in  the  gla.ss  tube  was 
washed  into  a  beaker,  and  the  solution  from  the  wash  bottle  was 
added.  After  concentrating'  this  solution,  tlie  tellurium  was 
])recipitated  by  means  of  sulphur  dioxide  and  hydrazine  hydro- 
chloride, and  determined  according'  to  the  method  of  Lenher 
and  ITomberser. 


POTASSIU.M   TELLUEITE 

The  normal  salt  was  prepared  by  fusing  in  a  platinum 
crucible  a  mixture  of  equimolecular  quantities  of  potassium  car- 
bonate and  tellurium  dioxide.  The  mixture  fused  quite  read- 
ily, giving  off  carbon  dioxide.  In  order  to  prevent  oxidation 
to  tellurate,  the  air  in  the  crucible  was  displaced  by  a  stream 
of  carbon  dioxide  from  a  generator.  On  cooling,  a  white  crys- 
talline mass  Avas  obtained,  Avhich  Avas  deliquescent,  and  ex- 
tremely soluble  in  water.  The  aqueous  solution  sloAAdy  deposited 
tellurous  acid,  on  exposure  to  air,  and  more  readily  when  air 
Avas  bubbled  through  the  solution.  (])n  heating,  hoAvever,  the 
precipitate  again  dissolved,  shoAving  that  at  higher  temperatures 
tellurous  acid  Avill  displace  carbonic  acid. 

A  small  amount  of  a  strong  solution  of  this  substance  Avas 
allowed  to  evaporate  in  a  dessicator  over  sulphuric  acid.  An- 
other vessel  containing  solid  caustic  potash  Avas  placed  Avithin 
the  dessicator  to  absorb  the  carbon  dioxide  of  the  air.  The  so- 
lution did  not  crystallize  but  on  evaporation  it  gradually  formed 
a  thick  syrup  AA'hich  finally  solidified.  The  product  Avas  a  hard, 
transparent  and  homogeneous  mass,  having  a  Avaxy  or  resinous 
appearance  Avithout  the  slightest  external  indication  of  crystal- 
lization. 

Two  successive  portions  of  this  material  were  obtained,  as  it 
solidified  from  solution,  and  were  analyzed.  Avith  the  folloAA'ing 
results. 
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Found. 

Calculated  for 

I. 

II. 

KsTeOs.SHoO. 

K      % 

25.25 
40.62 
17.71 

25.82 
40.83 
17.09 

25.43 

Te    % 

41.44 

HaO% 

17.54 

These  results  indicate  that  although  potassium  tellurite,  when 
prepared  as  described,  cannot  be  crystallized  from  an  aqueous 
solution,  it  is  nevertheless  a  definite  compound,  KoTeO,.  SHoO. 
This  compound  was  also  prepared  by  treating-  tellurium  dioxide 
with  a  solution  of  caustic  potash,  either  cold  or  hot.  The  com- 
bination seems  to  take  place  only  in  the  proportion  of  2K0H  : 
TeOo.  so  that  if  we  have  more  than  this  proportion  of  tellurium 
dioxide,  some  will  remain  undissolved.  Tellurium  dioxide  dis- 
solves in  a  hot  solution  of  potassium  carbonate,  although  not  so 
readily  as  in  caustic  potash. 

POTASSIUM  DITELLURITE 

Potassium  ditellurite  was  prepared  by  fusing  together  one 
^•rani  molecule  of  potassium  carbonate  and  two  gram  molecules 
of  tellurium  dioxide.  It  fuses  more  readily  than  the  normal 
salt,  and  on  cooling  appears  as  a  white  cry.stalline  mass. 

Potassium  ditellurite  is  insoluble  in  cold  water.  It  dissolves 
in  boiling  water,  but  on  cooling,  the  solution  decomposes,  yield- 
ing the  normal  tellurite,  which  remains  in  solution,  and  the 
tetratellurite  which  is  precipitated.  The  ditellurite  decomposes 
slightly  even  at  the  boiling  temperature,  for  complete  solution 
of  the  substance  was  never  obtained. 


POTASSIUM  TETRATELLURITE 


Berzelius  obtained  the  tetratellurite  of  potassium  by  boiling 
a  solution  of  potassium  carbonate  Avith  tellurium  dioxide,  filter- 
ing the  boiling  solution  and  allowing  to  cool  slowly.     The  tetra- 
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tellurite  separated  out  in  the  form  of  small  grains  attached  to 
the  walls  of  the  vessel.  During  the  present  work  the  tetratel- 
lurite  was  prepared  by  the  decomposition  of  the  ditellurite  with 
water.  Finely  pulverized  ditellurite  was  boiled  with  water 
for  a  short  time.  The  hot  solution  was  quickly  Altered.  White 
shining  flakes  separated  out  as  the  solution  cooled.  This  com- 
pound was  analyzed,  and  its  composition  found  to  conform  to 
the  formula  K.Te.Oo-  4H,0. 


Found. 

Calculated  for 

I 

II 

KjTei09.4Hg  0. 

K       % 

9.76 

64.51 

8.61 

10.00 

64.20 

8.35 

9.73 

Te     % 

63.41 

H,0% 

8.95 

This  salt  when  boiled  with  its  mother  liquor  dissolves,  but 
separates  again  on  cooling.  Prolonged  treatment  with  boiling 
water  decomposes  it,  leaving  tellurium  dioxide  as  the  final  prod- 
uct. A  quantity  of  the  salt  which  had  been  washed  repeatedly 
on  the  filter  with  boiling  water  left  a  white  povrder  which  con- 
tained 0.66%  water.  0.47%  potassium,  and  78.52%  tellurium. 
It  was  therefore  nearly  99.0%  tellurium  dioxide.  It  is  probable 
that  the  carbon  dioxide  of  the  air  played  a  part  in  this  decom- 
position. This  question.  Iiowcver.  has  not  yet  bei'n  thoroughly 
investisrated. 


SODIl'.M  TELLURITES 


Normal  sodium  tellurite  was  prepared  in  a  manner  similar  1o 
that  in  which  the  corresponding  potassium  salt  was  obtained. 
And,  as  might  be  expected,  the  properties  of  these  two  salts  are 
similar.  Sodium  tellurite  is  readily  soluble  in  water.  It  is  not 
deliciuescent.  and  can  be  crystallized  from  solution  in  the  form 
of  broad,  flat  plates  of  hexagonal  outline.  It  was  also  obtained 
in  slender  needles,  grouped  in  radiating  clusters.  The  evapora- 
tion of  the  solution  was  conducted  in  the  same  manner  as  with 
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the  potassium  salt,  namely,  in  a  dessicator  over  sulphuric  acid 
and  in  the  presence  of  solid  caustic  potash. 

Unlike  potassium  tellurite  which  contains  three  molecules  of 
water,  sodiimi  tellurite  contains  five  molecules  of  water  of  crys- 
tallization. NaoTeO.,  .5H.0. 


Found. 

Calculated  for 

I 

II. 

NasTeOj.oHsO. 

Na   % 

Te    % 

14.72 
40.33 

28.89 

14.77 
40.49 
29.14 

14.79 
40.94 

HaO% 

28.88 

An  interesting,  though  not  unusual,  case  of  equilibrium  was 
discovered  in  the  system,  sodium  tellurite,  water  and  alcohol. 
If  to  a  strong  solution  of  sodium  tellurite  we  add  about  twice- 
its  volume  of  95%  alcohol,  the  two  liquids  do  not  mix.  There 
is,  however,  a  redistribution  of  the  water  between  the  alcohol 
and  the  tellurite.  The  alcoholic  layer  increases  in  volume  by 
abstracting  water  from  the  tellurite  solution,  while  the  latter 
becomes  more  concentrated.  Long  standing  and  repeated  shak- 
ing will  not  produce  any  further  changes  in  this  system.  If., 
now,  we  add  solid  sodium  tellurite,  it  Avill  slowly  dissolve,  in- 
creasing the  volume  of  the  tellurite  solution,  and  withdrawing 
water  from  the  alcoholic  layer.  But  if  we  add,  instead,  about 
five  volumes  of  absolute  alcohol,  the  water  is  almost  completely 
withdrawn  from  the  sodium  tellurite,  and  the  latter  is  precip- 
itated.    Potassium  tellurite  and  alcohol  behave  similarly. 

The  sodium  di-  and  tetratellurites  are  analogous  to  the  corres- 
ponding potassium  salts,  both  in  their  methods  of  preparation 
and  in  their  properties.  Both  of  these  compounds  fuse  below  a 
red  heat,  and  on  cooling  form  clear  glasses.  The  ditellurite, 
however,  like  the  corresponding  potassium  salt,  can  also  be  ob- 
tained crystalline  by  fusion.  The  tetratellurite,  when  prepared 
by  decomposing  sodium  ditellurite  with  water,  has  the  composi- 
tion Na,TetOo  .4H,0. 
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Xa  %. 
Te  %. 
H,0%. 


Found. 


6.(Xi 

65.77 

9.(U 


II 


5.78 
66.35 

9.43 


Calculated  for 
NagTe409.4H,O. 


5.97 

66.07 

9.32 


A:\DiONir:M  tellurite 

Berzelius  attempted  to  prepare  aimuoniuin  tellurite  by  dissolv- 
ing  telluroiis  acid  in  ammonia,  and  then  adding  ammonium 
chloride  or  alcohol.  In  both  instances  he  obtained  a  fiocculent 
precipitate,  which  was  insoluble  in  water,  but  readily  dissolved 
in  ammonia.  He  also  obtained  the  same  body  bj'  warming  a 
.solution  of  ammonium  carbonate  with  tellurous  acid  or  tellurium 
tetrachloride,  and  adding  ammonium  chloride.  On  heating  this 
body,  ammonia  was  evolved,  and  a  residue  of  tellurium  dioxide 
remained.  The  amount  of  this  residue  in  one  case  was  83.1%  ; 
in  another  it  was  83.87%.  while  the  calculated  amount  of  tel- 
lurium dioxide  in  the  compound  (XH^)-;  Te^Og  .4HoO  is  83.7%. 
He  therefore  concluded  that  his  precipitates  were  tetratellurites. 
exactly  analogous  in  composition  to  the  corresponding  salts  of 
potassium  and  sodium.  Berzelius  also  evaporated  to  drjTiess, 
with  the  aid  of  gentle  warming,  a  solution  of  tellurous  acid  in 
ammonia.  He  foimd  the  residue  to  be  principally  hydrated 
tellurium  dioxide  containing  a  little  ammonia. 

In  the  present  work  tellurium  dioxide  was  dissolved  in  am- 
monium hydroxide  (sp.  gr.  0.91)  by  heating  in  sealed  tubes  for 
ten  hours  at  a  temperature  of  95^-100'.  After  cooling  and  filt- 
ering the  solution  was  allowed  to  evaporate  spontaneously.  As 
the  solution  evaporated,  small  cr^-stals  were  obtained  in  the  form 
of  short  needles  arranged  in  radiating  groups,  or  clusters  of  thin 
transparent  plates.  On  dr^ing  these  became  opaque.  They 
dissolved  readily  in  ammonia,  but  were  insoluble  in  water. 

They  were  analyzed  as  follows:  A  weighed  amount  of  the 
residue  was  placed  in  a  porcelain  boat  inside  of  a  glass  combus- 
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tion  tube.  This  tube  was  connected  to  an  absorption  apparatus 
containing  a  standard  solution  of  sulphuric  acid.  While  a  slow 
current  of  dry  air  was  drawn  through  the  tube,  the  boat  was 
heated,  gently  at  first,  increasing  the  temperature  gradually  to 
the  full  heat  of  the  Bunsen  burner.  A  considerable  amount  of 
moisture  was  condensed  upon  the  cooler  part  of  the  tube.  The 
residue  in  the  boat  was  weighed  as  tellurium  dioxide.  The  ex- 
cess of  acid  in  the  absorption  apparatus  was  then  titrated  with 
standard  alkali,  and  the  amount  of  ammonia  estimated.  The 
water  was  estimated  by  difference. 

The  following  composition  was  found:  ammonia  1.69%,  tel- 
lurium dioxide  89.19%,  and  water  9.12%.  This  would  corre- 
spond to  the  formula  NH3  .oTeO,  .5H,0  or  SH,  TeOg  .NH3.  It 
is  not  believed  that  this  is  a  definite  compound.  It  is  more 
likely  that  this  is  but  one  stage  in  the  decomposition  of  am- 
monium tellurite  to  hydrated  tellurium  dioxide.  The  crystals 
obtained  from  the  ammoniacal  solution  were  probably  a  definite 
ammonium  tellurite.  This  compound,  however,  is  so  unstable 
that  it  can  exist  only  in  solution,  or  when  surrounded  by  the 
mother  liquor,  and  when  dried  it  spontaneously  decomposes  even 
at  the  ordinary  temperature. 


MAGNESIUM  TELLURITE 

This  substance  was  obtained  from  a  solution  of  magnesium 
chloride  by  adding  a  solution  of  sodium  tellurite.  It  is  a  white 
flocculent  precipitate,  which  is  slightly  soluble  in  water.  On 
standing  for  a  time  in  the  mother  liquor  or  in  water,  it  becomes 
granular  and  heavy.  The  composition  of  the  precipitate  is  not 
affected  by  varying  the  proportion  of  the  two  salts  from  which 
it  is  formed. 

In  analyzing  this  salt,  after  determining  the  Avater  hy  loss  in 
weight  on  heating,  it  was  dissolved  in  hydrochloric  acid,  and 
the  tellurium  precipitated  in  the  usual  manner  by  means  of 
sulphur  dioxide  and  hydrazine  hydrochloride.  The  remaining 
solution  was  then  evaporated  to  dryness,  the  residue  taken  up 
in   water,   and  the  magnesium  precipitated  as  magnesium   am- 
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monium  phosphate,   which   was   ignited   and   weighed   as  pyro- 
phosphate. 

This  tellurite  was  found  to  have  the  composition,  oMgTeO;. 
.9H.0. 


HgO 

Te 

Mg 

Calculated  for 

13.94 

13.48 
13.62 
13.65 
14.29 
13.36 

54.91 

55.29 
54.91 
55.39 
55.10 
55.59 

10.84 

5MgTe08.9H30. 
Found   I 

9.98 

II 

Ill 

9.91 

IV 

9.70 

V 

9.93 

In  the  above  table,  numbers  I,  II,  and  III  were  precipitated 
from  solutions  containing  excess  of  sodium  tellurite,  while  IV 
and  V  w^ere  precipitated  from  solutions  containing  an  excess  of 
magnesium  chloride. 

Owing  to  the  somewhat  imusual  ratio  of  the  water  to  mag- 
nesiiun  tellurite,  in  this  compound,  a  more  careful  study  was 
made  of  this  relation.  A  quantity  of  the  dried  precipitate, 
equivalent  to  one  gram  of  anhydrous  tellurite,  was  heated  at 
various  temperatures  until  the  weight  became  constant.  Then, 
from  the  total  water  content  and  the  loss  in  weight  at  each 
temperature,  it  was  possible  to  calculate  the  amount  of  water 
still  retained.  The  following  table  shows  the  results  which  were 
obtained. 
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These  results  are  also  shown  by  the  curve,  Fig.  1.  It  will  be 
seen  that  at  about  260°  there  is  a  sharp  break  in  the  curve,  and 
that  the  amount  of  water  retained  at  this  temperature  is  verj- 
nearly  one  half  of  the  original  amount,  0.1545  gm.  Above  this 
temperature  there  is  a  rapid  falling  off  in  the  water  content, 
until  at  450°  all  of  the  water  can  be  driven  off  in  fifteen  minutes. 

s/fy  7e  Cj  -3.  '^  (P 


OC9 


I 
I 


aoi 


/e/7;^a/i»/iy/^e 


60^  /^C'  /8a'  ^-JV?'  300'  300"  ',^0"   '^'JJ 

Fig.  1. 

This  experiment  shows  that  between  450°  and  ordinary  tem- 
peratures, there  exist  at  least  two  definite  hydrates  of  magnesium 
tellurite,  namely,  5MgTeO,  .9H,0,  and  lOMgTeO.  .SHoO.  It 
might  also  be  noted  that  the  composition  at  100°,  as  calculated 
from  the  above  results,  is  2MgTeO;;  .SHoO,  although  this  may 
have  no  special  significance,  since  no  data  were  obtained  for 
temperatures  below  100°.  It  is  also  quite  evident  that  most  of 
the  water  in  this  compound  is  quite  firmly  held. 

BARIUM  TELLURITE 

To  obtain  this  substance,  a  solution  of  sodium  tellurite  was 
added  to  a  solution  of  barium  chloride.  A  w'hite  flocculent  pre- 
cipitate was  obtained,  which  was  only  slightly  soluble  in  water. 
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Attempts  were  made  to  obtain  barium  tellurite  in  crystalline 
form  but  these  were  unsuccessful.  Analysis  of  different  samples, 
showed  a  considerable  variation  in  composition.  Investigation 
showed  that  the  precipitates  always  contained  barium  chloride, 
and  sometimes  in  considerable  quantities.  This  barium  chloride 
could  not  be  washed  out  completely  by  repeated  and  long  con- 
tinued boiling  with  large  quantities  of  water.  Accordingly  the 
precipitation  was  performed  in  dilute  solutions,  containing  ex- 
actly equivalent  quantities  of  the  two  salts.  Under  these  con- 
ditions the  precipitates  always  contained  small  amounts  of  ba- 
rium chloride  which  could  not  be  washed  out. 

The  analysis  of  this  substance  was  carried  out  in  the  following 
way.  Water  was  determined  in  the  usual  way.  The  chlorine 
was  determined  by  precipitation  with  silver  nitrate,  from  a  ni- 
tric acid  solution  of  the  barium  tellurite.  After  removing  the 
excess  of. silver  nitrate  by  adding  hydrochloric  acid,  the  barium 
was  precipitated  by  means  of  ammonium  sulphate.  The  filtrate 
from  the  barium  sulphate  was  evaporated  to  drjTiess,  and  the 
residue  treated  repeatedly  with  hydrochloric  acid  to  remove  all 
of  the  nitric  acid.  Finally  from  this  hydrochloric  acid  solution 
the  tellurium  was  precipitated  by  sulphur  dioxide  and  hydra- 
zine hydrochloride.  The  method  of  volatilization  in  hydro- 
chloric acid  gas  could  not  be  used  in  this  case,  since  all  of  the 
tellurium  could  not  be  driven  off  without  raising  the  tempera- 
ture so  high  that  barium  chloride  would  volatilize. 

The  proportion  of  barium  to  tellurium  was  greater  than 
the  normal  salt  should  have.  But  in  all  cases  the  precipitates 
also  contained  chlorine  in  appreciable  quantities.  If  the  chlo- 
rine contained  be  calculated  as  barium  chloride,  and  the  tel- 
lurium as  normal  barium  tellurite,  the  results  agree  with  the 
analysis  obtained.  This  is  particularly  evident  in  those  samples 
which  were  precipitated  in  presence  of  excess  of  barium  chlo- 
ride. 

Several  samples  were  analyzed,  in  all  of  which  the  propor- 
tions of  barium  chloride,  tellurite  and  water  varied  consider- 
ably. The  following  analyses  are  typical  examples.  The  first 
sample  was  precipitated  in  presence  of  excess  of  barium  chlo- 
ride ;  the  second  one  from  equivalent  quantities  of  this  salt  and 
sodium  tellurite. 
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Found 


H20% 

CI  % 
Ba  %. 
Te     % 


Calculated  for 
SBaTeOg.  SBaCU.  4H2O. 


1.99 

9.82 
49.50 
28.29 


II. 


H20% 
CI  % 
Ba  % 
Te    % 


Calculated  for 
20BaTeO3.iBaCls.20H3O 


5.35 

0.53 

41 .89 

37.95 


CADMIUM  TELLTTRITE 

This  salt  was  obtained  as  a  white  aiiiorphuiis.  insoluble  pre- 
cipitate, ])y  the  interaction  of  cadmium  chloride  and  sodium  tel- 
lurite. 

In  its  analysis  the  method  of  volatilization  could  not  be  used 
for  the  sei)aration  oi  the  tellurium,  on  account  of  the  volatility 
of  cadmiuii'.  chloride.  The  tellurium  was  therefore  first  precipi- 
tated from  a  hydrochloric  acid  solution  of  the  inaterial  by  means 
of  sulphur  dioxide  and  hydrazine  liydrochloride.  In  the  fil- 
trate from  the  tellurium,  the  cadmium  was  determined  in  one 
of  two  ways.  (1)  The  solution  was  evaporated  to  dryness,  the 
residue  taken  up  in  water,  and  the  cadmium  precipitated  as  car- 
bonate by  means  of  potassium  carbonate,  and  weighed  as  oxide. 
(2)  The  solution  was  first  neutralized  with  potassium  hydroxide, 
and  potassium  cyanide  was  added  until  the  precipitate  first 
formed  just  redissolved.  This  solution  was  then  electrolyzed, 
using  a  current  density  of  0.5  to  0.8  am]ieres  per  100  square 
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centimeters,   with   about   4  to  4.5  volts.     After   five  hours  the 
voltage  was  increased  to  5  volts  for  an  hour. 

The  composition  found  did  not  a^^ree  with  the  normal  tellu- 
rite. The  tellurium  was  always  slightly  high  and  the  cadmium 
correspondingly  low.  The  following  gives  the  average  compo- 
sition found,  together  with  the  calculated  results  for  SCdTeO^. 
2H.,0. 


Cd  % 
Te  % 
H,0% 


Calculated  for 
3CdTeO,.2H,0. 


:57.47 

42.53 

4.00 


These  results  are  explained  by  the  fact  that  when  tellurium  is 
precipitated  in  the  presence  of  cadmium,  it  carries  some  of  the 
cadndum  down  with  it.  This  is  made  quite  evident  from  the 
following  experiments. 

I.  Some  tellurium  which  had  been  thus  precipitated  in  the 
presence  of  cadmiiun.  was  dissolved  in  a  little  acpia  regia.  and 
the  solution  evaporated  to  dryness.  The  residue  was  then  taken 
up  in  dilute  hydrochloric  acid  and  precipitated  by  means  of  hy- 
drogen sulphide.  This  precipitate  was  digested  for  several 
hours  in  a  warm  plact-  with  yellow  ammonium  sulphide.  The 
residue  left  by  the  ammonimn  sulphide  was  treated  wiili  hut  con- 
centrated hydrochloric  acid,  and  filtered.  After  nearly  neutral- 
izing the  filtrate  with  caustic  potash,  it  was  treated  Avith  hy- 
drogen sulphide.  A  small  amount  of  cadmium  sulphide  was 
obtained. 

II.  A  weighed  amount  of  pure  tellurium  dioxide  was  mixed 
with  cadmium  chloride  i' about  0.8  gm.).  After  dissolving  in 
hydrocMoric  acid,  the  tellurium  wa,s  precipitated  with  sulphur 
dioxide  and  hydrazine  hydrochloride.  The  following  results 
were  obtained. 


19' 
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Te  found. 


I. 
II. 


0.7037 
0.0476 


Te  calculated. 


0.6929 

0.8754 


It  will  be  observed  that  the  weight  of  the  tellurium  which  was 
precipitated  was  in  each  case  considerably  greater  than  the  cal- 
culated amount. 

III.  A  determination  of  tellurium  by  means  of  sulphur  di- 
oxide and  hydrazine  hydrochloride  was  made  in  a  weighed 
amount  of  pure  tellurium  dioxide.  The  tellurium  thus  obtained 
was  again  dissolved  and  the  determination  repeated.  The  re- 
sults were  as  follows: 


Te  found 

Te  used 

I 

II 

0.4045 
0.4034 

0.4052 
0.4045 

IV.  Exactly  equivalent  ciuantities  of  cadmium  chloride  and 
sodium  tellurite,  both  in  solution,  were  brought  together,  and  the 
resulting  precipitate  was  filtered  off.  The  clear  filtrate  was 
then  evaporated  to  small  bulk  and  treated  with  hydrogen  sul- 
phide. No  precipitate  was  formed,  showing  that  both  cadmium 
and  tellurium  had  been  completely  removed  in  the  first  precipi- 
tate. This  precipitate,  therefore,  could  have  been  nothing  other 
than  the  nonnal  tellurite. 


SILVEE   TELLURITE 


"When  a  solution  of  sodium  tellurite  is  added  to  a  solution  of 
silver  nitrate,  a  pale  lemon  yellow,  flocculent  precipitate  is 
formed.  This  precipitate  remains  pale  yellow  as  long  as  the 
silver  nitrate  is  in  excess,  but  when  sodium  tellurite  is  added  in 
excess  the  color  of  the  precipitate  quickly  changes  to  white.     On 
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drAing,  both  precipitates  assume  a  buff  color,  and  are  almost 
indistinguishable  fi'om  each  other.  On  standing,  however,  the 
one  which  was  precipitated  in  presence  of  an  excess  of  silver 
nitrate  begins  to  turn  dark  in  color,  and  in  the  course  of  a  week 
or  two  has  changed  completely  to  a  dark  bluish  gray  color.  The 
other  does  not  change,  and  has  actually  been  kept  for  twenty 
months  without  undergoing  any  modification. 

Nevertheless  both  of  these  precipitates  have  the  same  com- 
position, and  when  dried,  both  are  anhydrous.  The  methods  of 
analysis  here  used  were  the  same  as  in  the  case  of  the  alka- 
line tellurites.  In  the  follo%\'ing  table  I  and  II  were  precipi- 
tated in  presence  of  an  excess  of  silver  nitrate,  while  in  III  and 
IV  the  proportion  was  revei-sed. 


Ag 

Te 

Calculated  for 

55.14 

32.59 

Ag,  TeO.. 

Found      I 

55.09 

32.96 

II 

54.90 

32.51 

'•       III 

^.89 

32.52 

'■       IV 

55.25 

32.52 

Silver  tellurite  can  exist  in  still  other  forms.  When  heated 
to  a  temperature  of  250',  it  becomes  deep  blue  or  purple  in 
color.  This  change  takes  place  without  any  change  in  weight. 
On  heating  stiU  higher,  to  450 ~  or  500^,  it  again  changes  to  a 
pale  yellow.  In  this  last  condition  it  can  be  cooled  down  to 
ordinary  temperatures  unchanged,  provided  it  is  not  disturbed 
during  the  cooling.  But  if  during  this  cooling,  and  while  it  is 
still  quite  hot,  it  is  disturbed  by  compression  with  a  glass  rod. 
the  mass  immediately  changes  to  the  purple  variety. 

Again,  when  freshly  precipitated  silver  tellurite  is  treated 
with  ammonium  hydroxide  it  dissolves  immediately,  and  when 
this  solution  is  allowed  to  evaporate  spontaneously  it  will  de- 
posit brownish  yellow  crystals.  As  no  other  residue  remains 
from  the  ammoniacal  solution,  these  crystals  must  contain  all 
of  the  original  silver  tellurite.  They  contain  neither  ammonia  nor 
water,  and  can  be  heated  to  500°  or  higher  without  anv  change 

[21] 
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in  weight.  On  eoolmg,  after  being  thus  heated,  these  crystals 
again  yield  the  ordinarv%  pale  yellow  silver  tellurite. 

It  thus  appears  that  silver  tellurite  can  exist  in  a  number  of 
different  varieties.  The  freshly  precipitated  salt  is  soluble  in 
acetic  and  tartaric  acids,  also  in  nitric  and  sulphuric  acids.  Hy- 
drochloric acid  decomposes  it  with  the  formation  of  silver  chlo- 
ride and  tellurium  tetrachloride.     It  is  insoluble  in  water. 

An  attempt  was  made  to  obtain  silver  telluride  in  crystalline 
form  in  the  same  way  in  which  Hutehins  crystallized  some  of  the 
precipitated  tellurates.^"  This  method  was  to  allow  the  precipi- 
tate to  stand  in  contact  with  water  containing  minute  quan- 
tities of  free  acids.  This  method,  however,  proved  unsuccessful 
with  the  tellurites.  It  might  be  stated  that  the  precipitated 
tellurites  as  a  rule  show  very  little  or  no  tendency  to  pass  into 
the  erj'stalline  state. 


NICKEL   TELLURITE 

This  compound  was  obtained  from  a  solution  of  nickel  chloride 
and  a  solution  of  sodium  tellurite,  as  a  pale,  greenish-yellow  pre- 
cipitate.    This  precipitate  is  light  and  amorphous. 

In  the  analysis,  after  removal  of  tellurium  by  precipitation, 
the  nickel  was  determined  by  precipitating  from  a  chloride  so- 
lution by  means  of  potassium  carbonate,  and  then  igniting  the 
nickel  carbonate  to  oxide.     In  this  form  the  nickel  was  weighed. 

The  composition  of  nickel  tellurite  was  found  to  be  XiTeOp,. 
2H,0. 


Found. 

Calculated  for 
NiTe03.2H,0. 

Ni    % 

21.40 
47. 'J6 
13.62 

21 .  72 

Te    % 

47.21 

HgO% 

13.32 

"When  heated,  the  light  yellow-green  tellurite  loses  water  and 
turns  to  a  light  brown  color. 


'ojr.  Ani.  Chem.  Soe.,  27:  1157,  -1905. 
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COBALT  TELLrRITK 

This  salt  was  ohtaincd  in  the  wet  way  from  a  solution  of  co- 
balt chloride,  in  the  form  of  a  dark,  puri)lish-l)lue  precipitate. 
When  heated  to  300°— 100°  it  melts  without  change  of  color,  and 
loses  water  at  the  same  time.  The  method  of  analysis  was  the 
same  as  that  of  the  nickel  salt.  The  ignition  of  the  cobalt  car- 
bonate, however,  was  performed  in  an  atmosphere  of  carbon  di- 
oxide to  prevent  oxidation.  The  foi-mula  of  cobalt  tellurite  is 
CoTeO,  .H,0. 


Found. 

Calculated   for 
CoTeOs.HjO. 

Co       % 

23.39 
50.30 

7.79 

23.30 

Te      % 

50.52 

HgO  % 

7.12 

:\IAXGANESE  TELLURITE 


This  is  a  very  mistablc  compound.  When  a  solution  of 
manganous  chloride  is  added  to  a  solution  of  sodium  tellurite, 
there  is  formed  a  voluminous  white  precipitate,  which  is  faintly 
pink  or  flesh-colored.  On  standing,  this  gradually  changes  to 
a  deep  ehocolate-broAvn  color.  The  change  takes  place  more  rap- 
idly when  it  is  brought  'Into  direct  contact  ^"ith  air.  This 
change  is  due  to  oxidation  of  the  manganese  to  the  trivalent 
state.  When  the  chocolate  colored  substance  is  treated  witli 
hydroclilorie  acid,  a  dark,  greenish-brown  solution  of  manganic 
chloride  is  formed.  This  color  is  discharged  by  diluting  the  so- 
lution with  water,  or  by  boiling:  in  the  latter  case  chlorine  is 
evolved. 

If  the  precipitation  is  carried  out  with  solutions  which  had 
been  previously  thoroughly  boiled  to  expel  the  air,  the  precipi- 
tate is  perfectly  white,  and  remains  so  as  long  as  contact  with 
air  is  avoided. 
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The  extent  of  oxidation  was  determined  b}'  boiling  the  ma- 
terial with  hydrochloric  acid,  distilling  the  chlorine  into  a  so- 
lution of  potassium  iodide,  and  titrating  the  iodine  with  sodium 
thiosulphate.  The  tellurium  was  precipitated  from  the  hydro- 
chloric acid  solution  by  sulphur  dioxide  and  hydrazine  hydro- 
chloride. Finally  the  manganese  in  the  filtrate  from  the  tellu- 
rium was  precipitated  as  manganese  ammonium  phosphate,  ig- 
nited to  pyrophosphate,  and  weighed.  The  water  was  estimated 
by  difference. 

The  atomic  ratio  of  manganese  to  tellurimn  was  found  to  be 
1:1,  so  that  the  precipitate  fii'st  formed  was  imdoubtedly  nor- 
mal manganous  tellurite.  The  ratio  of  active  oxygen  to  man- 
ganese, however,  was  less  than  would  be  required  for  complete 
oxidation  of  the  manganese  to  the  trivalent  condition,  and  this 
ratio  also  varied  in  different  samples.  One  sample  of  the 
freshly  prepared  precipitate  was  washed  by  decantation,  and 
suspended  in  water,  while  air  was  bubbled  through  the  mixture 
for  a  week.  It  then  showed  0.0043  gm.  of  active  oxygen,  0.1026 
gm.  manganese,  and  0.2517  gm.  tellurium.  Hence  only  about 
28%  of  the  manganese  was  oxidized. 

The  freshly  precipitated  manganese  tellurite  seems  to  be  more 
sensitive  toward  oxygen  than  after  it  has  stood  for  some  time. 
White  manganese  tellurite  was  prepared  by  bringing  together 
under  a  layer  of  melted  parafifine  a  solution  of  manganese  chlo- 
ride and  a  solution  of  sodium  tellurite,  which  had  been  pre- 
viously boiled.  The  precipitate  was  allowed  to  stand  unoxidized 
for  a  week,  after  which  it  was  treated  for  two  weeks  with  a  cur- 
rent of  air,  as  in  the  pre^nous  case.  The  color  changed  to  brown. 
A  determination  of  the  active  oxygen  indicated  that  about  20% 
of  the  manganese  had  been  oxidized. 

Another  sample  of  the  precipitated  manganese  tellurite  was 
dried,  pulverized,  and  left  in  contact  with  air  for  three  weeks. 
At  the  end  of  this  time  about  38%  of  the  manganese  was  oxi- 
dized, and  the  powder  had  the  following  composition:  SMnoOg. 
10:\rnO.16TeO..10H.O. 
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Found 

Calculated  for 
3Mn,O8.10MnO.16TeO,.10Hj,O. 

Mn   % 

22.26 

52.39 
1.24 
(4.49)estim'd 

22.46 

Te    % 

52.11 

0  (active)<% 

1.22 

H.O% 

4.59 

It  is  probable  that  complete  oxidation  of  the  manganese  would 
be  accomplished  in  time. 

LEAD  TELLURITE 

This  compound  was  prepared  by  precipitation  from  a  solu- 
tion of  lead  nitrate.  It  forms  as  a  white  flocculent  precipitate. 
The  method  of  analysis  was  exactly  the  same  as  that  used  in 
the  analysis  of  the  alkaline  tellurites,  namely,  volatilizing  the 
tellurium  in  hydrochloric  acid  gas.  and  weighing  the  lead  as 
chloride.     The  precipitate  had  the  composition  3PbTeO,  .2HoO. 


Found. 

Calculated  for 
3PbTeOs.2H20. 

Pb    % 

52.09 
32.26 

3.20 

52.45 

Te     % 

32.35 

HgO% 

3.04 

OXIDATION  OF  THE  TELLURITES 


Shortly  after  the  work  on  the  tellurites  was  imdertaken  it 
was  discovered  that  many  of  the  tellurites  oxidize  when  heated 
in  the  air  under  certain  conditions.  This  fact  seemed  to  have 
escaped  the  notice  of  Berzelius  and  other  investigators,  as  no 
mention  of  it  has  been  found  in  the  literature.  On  account  of 
this  oxidation  it  is  not  possible  to  prepare  the  tellurites,  free 
from  tellurates,  by  the  fusion  of  tellurium  dioxide  with  carbon- 
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ates,  as  suggested  by  Berzeliiis.  without  first  excluding  air  from 
the  mixture.  Hence,  in  the  preparation  of  the  alkaline  tellu- 
rites, the  fusion  was  carried  out  in  an  atmosphere  of  carbon  di- 
oxide, as  already  mentioned.  Tellurites  which  are  thus  pre- 
pared, when  boiled  with  hydrochloric  acid,  will  not  liberate 
chlorine.  But  when  the  precaution  to  exclude  air  during  the  fu- 
sion is  neglected,  the  product  always  has  the  power  to  oxidize 
hydrochloric  acid  to  a  greater  or  less  extent.  This  property 
was  used  to  detennine  the  extent  of  the  oxidation. 

In  order  to  ascertain  how  far  it  is  possible  to  oxidize  the  tel- 
lurites by  heating  in  the  air.  the  following  experiment  was  car- 
ried out.  Some  potassiimi  tellurite  was  finely  pulverized,  and 
then  spread  cut  in  a  thin  layer  on  the  bottom  of  a  crucible.  The 
crucible  wa;5  partly  immersed  in  a  bath  of  melted  lead  whose 
temperature  was  kept  at  -iGO^-^TO^.  At  intervals,  portions  of 
the  material  were  removed  for  analysis.  The  proportion  of 
tellurate  was  determined  by  boiling  the  mixture  with  hydro- 
chloric acid,  distilling  the  chlorine  into  a  solution  of  potassium 
iodide,  and  titrating  the  iodine  with  sodium  thiosulphate.  The 
results  are  given  in  the  following  table,  which  gives  the  time  of 
heating  together  with  the  corresponding  amount  of  potassium 
tellurate. 


Time  (in  liours). 

KjTeO,  (%). 

10 

26  SS 

20 

i)2  S^ 

.30 

SO  99 

38 

94  49 

43 

97  86 

57 

99  47 

The  final  product  was  next  analyzed  and  the  results  com- 
pared with  the  calculated  composition  of  anhydrous  potassium 
tellurite  and  tellurate. 
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Found. 

KgTeOa. 

:J0.84 
50.25 

KaTeO^. 

K  %  

29.11 
47.02 

29.01 

Te% 

n.28 

'    

The  progress  of  this  oxidation  is  also  represented  by  a  curve, 
Fig.  2.  The  aim  of  this  experiment  was  not  to  determine  the 
"speed  -of  reaction.''  although  there  is  no  donbt  that  the  curve 
does  represent  the  actual  rate  of  oxidation  in  this  particular 
case  and  under  the  existing  conditions.  The  object  here  was 
merely  to  follow  the  course  of  the  reaction  and  to  find  its  end. 
The  form  of  the  curve  sho^^•s  plainly  two  thing's.  (1)  The  prod- 
uct of  the  oxidation  is  the  normal  tellurate.  KoTeO^,  and  the 
oxidation  does  not  go  beyond  this  poihU.  (2»  The  transfctrma- 
tion  to  tellurate  is  complete. 


[27; 


4:74 


BULLETIN    OF   THE    UNIVERSITY    OF    WISCONSIN 


In  this  connection  it  is  interesting  to  note  that  when  potassium 
tellurate  is  heated  to  redness,  it  loses  oxygen  and  is  reduced  to 
tellurite.  Thus  between  450°  and  red  heat  we  have  a  reversal 
of  the  reaction 


2K2TeQ3+0, 


2K,  TeO. 


Normal  sodium  tellurite  behaves  in  a  mannor  exactly  similar 
to  the  potassium  tellurite,  as  is  shoA^Ti  by  the  following  table, 
and  the  curve  shown  in  Fig.  3. 


90 

y.^^^^ 

■^-g 

eo 

% 

/^ 

r:y 

% 

/ 

60 

/ 

SJ 

5u 

/ 

'f%> 

o/ 

3C 
SO 

^ 

/o 

/ 

7//77tr  ^/^/>^^7/y/7^-////'^^^Ar 

yc  SO  -SO  ^O  'fO 

Fig.  3.     Oxidation  of  Xa,  TeOg  to  Na,  Te04. 


€0 


Time  of  heating  (in  hours). 

NajTeo^  (%) 

10 

35.09 

20 

64.77 

:W •. 

90.76 

40 

99.09 

oO 

99.49 
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While  the  normal  alkaline  tellurites  can  be  oxidized  quite 
readily,  the  ditellurites  behave  somewhat  differently.  Potas- 
sium ditellurite  can  be  oxidized,  but  the  reaction  proceeds  much 
more  slowly  than  in  the  case  of  the  normal  salt.  Furthermore, 
only  one-half  of  the  tellurium  seems  to  be  oxidizable  to  the 
higher  state  of  oxidation.  The  experiment  was  carried  out  in 
the  same  way  as  with  the  normal  tellurites  except  that  the  tem- 
perature was  kept  at  440°-450°,  on  account  of  the  lower  melting 
point  of  the  ditellurite.     The  results  obtained  were  as  follows : 


Time  of  heating 

(in  liours). 

Active  0  (%). 

19 

1.18 

46 

2.00 

89 

2.81 

156 

:5.28 

221 

a.. 54 

The  content  of  active  oxygen  required  by  the  formula  K2O 
TeOg.  TeOo  is  3.72%,  and  that  for  complete  conversion  to  di- 
tellurate  would  be  7.18%.  It  will  be  seen  that  the  content  of 
active  oxygen  seems  to  approach  the  former  figure  as  a  limit. 
This  will  be  better  seen  from  the  curve  in  Fig.  4,  in  which  hori- 
zontal distances  represent  the  time  of  heating  in  hours,  and  ver- 
tical distances  the  percentage  of  active  oxygen  in  the  salt.  Hor- 
izontal lines  are  drawn  across  the  diagram  at  those  points  where 
the  percentage  of  active  oxygen  would  indicate  the  compositions 
K„0.  2Te03  and  K.O.  TeO.,.  TeO.. 

The  ditellurite  of  potassium  is  white,  but  when  it  is  oxidized 
as  above,  it  is  slightly  bro^^Ti  in  color.  This  brown  product  be- 
longs to  a  class  of  bodies  which  are  formed  as  intermediate  prod- 
ucts in  the  oxidation  of  tellurium  dioxide  to  trioxide,  by  means 
of  alkaline  oxidizing  agents.  These  bodies  Berzelius  thought  to 
be  tetratellurates,  but  they  have  been  sho-\vn  by  the  w^ork  of 
Lenher  and  Potter^^  to  have  a  more  complex,  as  well  as  variable 
composition.     Their  composition  might  be  represented  by  the- 


"Jr.  Am.  Chem.  Soc,  31:  24,  -1909. 
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7 

6 

\ 

S 

1 

"C 

^ 

/Ti^/^^z- 

d/^""^  ac/yt^e  ^ 

3 

55 

2. 

1 

/ 

V 

/ 

/Ti^  2/e^^ 

/fc  £yc/^yf^tf  ^ 

3e  6o  90  yaff  ^sif  yea  £ya 

'^/Tre  a/' y^e^/ir/7^ —y/z /^a^yrs 

Fk;.  4.     Oxidation  of  K,  O.  2Te(),  to  KaO.  TeOa.  TeOa. 

general  fonimla  m(K20).  u(TeO.;).  p(TeOo),  in  which  m,  n, 
and  p  may  lie  all  different  or  all  alike.  These  substances  have 
been  obtained  by  fusing  tellurium  dioxide  with  potassium  ni- 
trate or  chlorate,  and  also  synthetically  by  heating  the  dioxide 
with  potassium  tellurate.  In  the  oxidation  of  the  ditellurite  of 
potassium  to  KoO.  TeOg.  TeOo,  as  described  above,  we  are  merely 
approaching  the  same  class  of  bodies  from  another  direction. 
In  this  case,  however,  the  compositinn  is  simpler  and  more  defi- 
nite. 

Sodium  ditellurite  Avas  also  heated  in  the  same  way  as  the 
corresponding  j^otassimu  salt,  but  after  five  days  of  heating  it 
showed  only  a  slight  trace  of  oxidation.  Neither  the  tetra- 
tellurites  nor  ])ure  tellurium  dioxide  show  any  oxidation  under 
similar  treatment.  Thus  we  see  that  with  a  higher  content  of 
tellurium  dioxide  the  power  to  take  up  oxygen  from  the  air  de- 
creases. 

The  normal  tellurites  of  most  of  the  other  metals,  with  the 
exception  of  silver,  can  also  be  oxidized,  but  the  rate  of  oxida- 
tion is  very  imieli  lower  than  in  the  case  of  the  normal  tellu- 
rites of  the  alkali  metals. 

It  has  been  stated,  in  describing  the  methods  of  analysis,  that 
-water  was   usually   determined  by   loss   of  weight   on   heating. 
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In  view  of  the  fact  that  the  tellurites  take  np  oxygen  on  heating, 
it  would  seem  that  this  method  of  determining  water  would  give 
low  results.  But,  excepting  the  normal  alkaline  tellurites,  the 
oxidation  is  so  slow  that  the  error  arising  from  this  source  would 
be  imperceptible.  Thus  when  anhydrous  magnesium  tellurite  is 
heated  to  450°  for  fifteen  hours,  the  gain  in  weight  due  to  ox- 
idation is  only  0.25%,  and  in  77  hours  it  is  only  1.5%.  The  con- 
tent of  tellurate  in  this  second  case,  as  shown  by  an  iodometric 
determination,  is  only  19.3%.  Again,  nickel  tellurite  after  be- 
ing heated  at  450°  for  70  hours,  contained  only  0.46%  of  active 
oxygen.  In  contrast  with  these  long  periods  of  heating,  the 
length  of  time  necessary  to  drive  off  all  the  Avater,  for  the  pur- 
pose of  quantitative  determina'^'on,  is  oniy  fifteen  minutes. 


SU:^DIARY 

1.  The  tellurites  of  the  following  have  been  studied:  potas- 
sium, sodium,  barium,  magnesium,  cadmium,  silver,  nickel,  co- 
balt, manganese,  lead,  and  ammonium. 

2.  The  tellurites  in  general  can  be  prepared  by  fusing  to- 
gether tellurium  dioxide  and  a  metallic  oxide,  hydroxide  or  car- 
bonate. Since,  however,  tellurous  acid  forms  salts  of  diiferent 
degrees  of  saturation,  namely,  the  mono-,  di-.  and  tetratellurites, 
the  above  materials  must  be  used  in  definite  proportions  in  order 
to  obtain  a  tellurite  of  definite  composition.  This  method  of 
preparation  does  not  throw  much  liulit  ui)()ii  lhe  composition  of 
the  tellurites,  and  hence  these  compounds  were  ol)tained  by  pre- 
cipitation from  a  solution  of  sodium  tellurite  hy  means  of  a 
metallic  salt. 

3.  The  alkaline  tellurites  are  soluble,  the  alkaline  eailh  tellu- 
rites are  slightly  soluble,  and  tlio.se  of  the  heavy  metals  are  in- 
soluble. 

4.  As  a  class,  the  tellurites  are  unstable  compounds.  Tellu- 
rous acid  is  easily  displaced  at  ordinary  temperatures  in  pres- 
ence of  moisture,  by  carbon  dioxide. 

5.  The  tellurites  can  be  oxidized  by  heatmg  in  the  air  at  a 
temperature  of  440°-470=.  This  oxidation  is  fairly  rapid  in 
the  case  of  the  normal  alkaline  tellurites. 
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6.  The  tellurites  of  most  of  the  metals  other  than  potassium 
and  sodium,  as  well  as  the  ditellurites  of  the  alkalli  metals,  will 
oxidize  much  more  slowly  than  the  nomial  alkaline  tellurites. 

7.  In  potassium  ditellurite,  only  one-half  of  the  tellurous 
acid  is  oxidizable  by  this  means,  forming  the  compound  KjO. 
TeOg.  TeOo.  The  tetratellurites  are  not  oxidizable  by  heating  in 
the  air  at  450°,  neither  is  pure  tellurium  dioxide. 

8.  Manganous  tellurite  will  oxidize  en  contact  with  the  air  at 
the  ordinary-  temperature,  but  in  this  case  the  manganese  is 
oxidized,  passing  to  the  trivalent  state. 

9.  Ammonium  tellurite  probably  exists  in  solution,  and  also 
in  the  solid  state  when  surrounded  by  a  saturated  solution  of 
tellurous  acid  in  ammonia,  but  otherwise  decomposes  spontane- 
ously at  the  ordinary  temperature,  forming  hydrated  tellurium 
dioxide. 

10.  Silver  tellurite  can  be  obtained  in  a  number  of  different 
varieties.  When  precipitated  in  presence  of  an  excess  of  so- . 
dium  tellurite,  it  is  white,  but  when  silver  nitrate  is  in  excess, 
the  precipitate  is  of  a  pale  yellow  color.  This  second  form  in  the 
course  of  a  few  days  turns  to  a  bluish-gray  powder,  while  the 
first  is  stable.  At  250°  both  turn  to  a  deep  purplish-blue  color. 
Still  another  variety  can  be  obtained,  by  crystallizing  from  an 
ammoniacal  solution,  as  a  deep  brownish-yellow  substance.  All 
of  these  forms  are  anhydrous. 

11.  The  precipitated  tellurites  are  all  floeculent  and  amor- 
phous, and  with  the  exception  of  the  magnesium  salt,  show 
practically  no  tendency  to  become  crv^stalline. 

12.  These  precipitates  are  very  apt  to  occlude  other  salts  as 
impurities,  which  are  ver\^  difficult  to  remove.  This  tendency 
is  most  marked  in  the  barium  salt,  which  will  occlude  enormous 
quantities  of  barium  chloride.  In  the  case  of  lead  tellurite, 
which  was  precipitated  from  a  solution  of  lead  nitrate,  the  pre- 
cipitate contained  nitrates,  but  these  were  not  so  difficult  to  re- 
move as  the  chlorides. 

13.  "VTith  the  exception  of  the  silver  salt,  these  precipitates 
are  all  definite  hydrates,  which  do  not  readily  give  up  their 
water. 

In  conclusion,  the  author  wishes  to  make  acknowledgment  of 
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the  help  and  advice  which  lie  has  received  from  Prof.   Lenher, 
under  whose  direction  this  work  was  carried  out. 
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